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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 


February 1984 


ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 
T2a 
T2b 
T3 
ET3 
T4 


T5 


T6 


T/ 


T8 


T9 


T10 
T11 
T12 
T13 
T14 
T15 


T16 


Tubes for r.f. heating 

Transmitting tubes for communications, glass types 

Transmitting tubes for communications, ceramic types 

Klystrons, travelling-wave tubes, microwave diodes 

Special Quality tubes, miscellaneous devices (will not be reprinted) 
Magnetrons for microwave heating 


Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


Geiger-Muller tubes 


Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories 


Picture tubes and components 

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 


Photo and electron multipliers 

Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates . 

Camera tubes and accessories 

Microwave semiconductors and components 


Vidicons and Newvicons 


image intensifiers ; ; | 
g Data collations on these subjects are available now. 


liitraved detectors Data Handbooks will be published in 1985. 


Dry reed switches 


Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 


iv November 1984 


SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 

$1 Diodes 
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes (<< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 

S2a Power diodes 

S$2b __—s Thyristors and triacs 

$3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 


S4b — High-voltage and switching power transistors 


| S5 Field-effect transistors 


S6 R.F. power transistors and modules 
S7 Surface mounted semiconductors 
$8 Devices for optoelectronics 


Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 


S9 Power MOS transistors 
$10 Wideband transistors and wideband hybrid IC modules 


S11 Microwave semiconductors (to be published in this series in 1985) 
All present available in Handbook T11 


$12 Surface acoustic wave devices 


November 1984 Vv 


INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 

EXISTING SERIES 

C1 Bipolar ICs for radio and audio equipment 

iC2 Bipolar ICs for video equipment 

IC3 —ICs for digital systems in radio, audio and video equipment _ 


IC4 Digital integrated circuits 
CMOS HE4000B family 


ICS — Digital integrated circuits — ECL (superseded by ICO8N) 
ECL10000 (GX family), ECL100 000 (HX family), dedicated designs 


1C6 —— Professional analogue integrated circuits 

IC7  Signetics bipolar memories 

IC8  Signetics analogue circuits 

Ic9 Signetics TTL logic (superseded by ICOQN and IC15N) 
IC10 Signetics Integrated Fuse Logic (IFL) 


iC11 Microprocessors, microcomputers and peripheral circuitry 


vi February 1984 


NEW SERIES 


1CO1N Radio, audio and associated systems 


Bipolar, MOS 

ICO2N ‘Video and associated systems 
Bipolar, MOS 

1CO3N Integrated circuits for telephony (published 1985) 
Bipolar, MOS 

ICO4N HE4000B logic family 
CMOS 

ICOSN HE4000B logic family uncased integrated circuits (published 1984) 
CMOS 

ICO6N PC54/74HC/HCU/HCT logic families 
HCMOS 

ICO7N PC54/74HC/HCU/HCT uncased integrated circuits 
HCMOS 

ICO8N 10K and 100K logic family (published 1984) 
ECL 

ICOON Logic series | (published 1984) 
TTL 

IC1O0N §Memories 
MOS, TTL, ECL 


IC11N Linear LSI (published 1985) 


1C12N Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 


1C13N Semi-custom integrated fuse logic 
IFL series 20/24/28 


iC14N Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


IC15SN = Logic series 
FAST TTL (published 1984) 


Note 
Books available in the new series are shown with their date of publication. 


January 1985 vii 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 


C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 


C10 
C11 


C12 
C13 
C14 


C15 


C16 
C17 
C18 
C19 
C20 
C21 


Programmable controller modules 
PLC modules, PC20 modules 


Television tuners, video modulators, surface acoustic wave filters 
Loudspeakers 

Ferroxcube potcores, square cores and cross cores 

Ferroxcube for power, audio/video and accelerators 
Synchronous motors and gearboxes 

Variable capacitors 

Variable mains transformers 


Piezoelectric quartz devices 
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 


Connectors 


Non-linear resistors 
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 


Variable resistors and test switches 

Fixed resistors 

Electrolytic and solid capacitors 

Ceramic capacitors* 

Permanent magnet materials 

Stepping motors and associated electronics 
D.C. motors 

Piezoelectric ceramics 


Wire-wound components for TVs and monitors 


Assemblies for industrial use 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 


* Film capacitors are included in Data Handbook C22 which will be published in 1985. TheSeptember | . 


1982 edition of C15 should be retained until C22 is issued. 


October 1984 


LINEAR LSI PRODUCTS 


PREFACE 


The Linear LSI Division, one of eight Signetics divisions, is a major supplier of a broad line 
of linear integrated circuits ranging from high-performance designs to many of the more 
popular industry standard devices and custom designs. 


Employing Signetics’ high quality processing and screening standards, the Linear LSI 
Division is dedicated to providing high quality Linear products to our worldwide customers. 
Our full product line addresses the needs of the EDP, Automotive, Military, Industrial, 
Consumer, and Communications markets. 


The 1985 Linear LSI Data and Applications Manual provides complete technical data on 
our full line of interface, communications, amplifier, power conversion and control. 


An applications section, selector guides, and cross reference guides are also included in 
this volume. 


Although every attempt has been made to insure accuracy of information in this manual, 
Signetics assumes no liability for inadvertent errors. 


Your suggestions for improvement in future editions are welcome. 


Signetics Linear LSI Marketing 
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LINEAR LSI PRODUCTS 


PRODUCT STATUS DEFINITIONS 


DEFINITION OF TERMS 


Data Sheet Identification Product Status 
Formative or 
ee in Design 


Sampling or 
Pre-Production 


Preliminary First 


Production 


‘Advance information 


Definition 


This data sheet contains the design 
specifications for product develop- 
ment. Specifications may change in 
any manner without notice. 


This data sheet contains advance 
information and specifications are 
subject to change without notice. 


This data sheet contains preliminary 
data and supplementary data will be 
published at a later date. Signetics 
reserves the right to make changes 
at any time without notice in order 
to improve design and supply the 
best possible product. 


No : Full 
identification | Production 
Noted 


This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice in order to im- 
prove design and supply the best 
possible product. 
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LINEAR LSI PRODUCTS 


CROSS REFERENCE BY PART NUMBER 


PART NUMBER 


08 
O800LCN 
08 
08 
1011/1111 


1488 
1488 
1489/A 
1489/A 
1489/A 


1508-8 
1558 
1558 
1558 
1558 


158 
1596 
161 
1596 
1723/C 


1733 
1747/C 
1870 
193 
193 


COMPANY 


NSC 


AMD, MOTO, NSC, TI 


FSC 
AMD, NSC 
MOTO, NSC, TI 


FSC 
NSC 
NSC 
AMD, NSC, TI 
FSC 


NSC 
MOTO, TI 
FSC 
NEC 
NSC 


MOTO, TI 
FSC 
NSC 

MOTO 
FSC 


NSC 
MOTO 
AMD 
AMD 
NSC 


MOTO 
NSC 
MOTO, TI 
PMI 
FSC 


MOTO, NSC, TI 
NSC 
NSC 
MOTO 
MOTO 


SIGNETICS 


DACO8E, N 
MC1408-8N 
DACOS8C, E 
DAC08 

NE645/646 


MC1408 
MC1408 
MC1408-7 


MC1408-7 
MC1408-7 


MC1408-8 
ULN2003 
ULN2004 
NE555 
MC1458 


MC1458 
MC1458 
MC1458 
MC1458 
MC1488 


MC1488 
MC1488 
MC1489/A 
MC1489/A 
MC1489/A 


MC1496 
MC1496 
MC1508 
MC1508-8 
MC1508-8 


MC1508-8 
MC1558 
MC1558 
MC1558 
MC1558 


PART NUMBER 


339/A 
339/A 
C339 
3403 
3410/C 


4558 
494 
494 
5520 
5532/A 


COMPANY 


SPRAGUE, TI 
SPRAGUE, TI 


AMD, MOTO, NSC, TI 


FSC 
AMD, NSC 


MOTO, NSC, TI 
Tl 
MOTO, NSC 
PMI 
MOTO, NSC, TI 


MOTO, NSC, TI 
FSC 
NSC, TI 
FSC 
NSC 


NSC, TI 
NSC 
SPRAGUE 


AMD, INTERSIL, MOTO, NSC, Ti 


TI 


FSC 
NEC 
AMD, NSC 


INTERSIL, MOTO, NSC, TI 


FSC 


NEC 
MOTO 
MOTO, TI 
FSC 
SPRAGUE 


MOTO, NSC, TI 
FSC 
NEC 
MOTO 
MOTO 


MOTO, NSC, TI 
NEC 
NSC 
NSC 
NSC, TI 


TI 
MOTO, TI 
FSC 
Tl 
TI 


SIGNETICS 


ULN2003 
ULN2004 
LM211 
LM211 
LM219 


LM324 
MC3302 
MC3303 
MC3303 
NE555 


LM339/A 
LM339/A 
LM339 
MC3403 
MC3410/C 


LM358 
LM358 
NE529 
NE542 
LM393/A 


LM393 
LF398 
LF398 
LF398 
NE4558 


NE4558 
NE5561 
NES5561 
NE5520 
NE5532/A 
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LINEAR LS] PRODUCTS 


PART NUMBER COMPANY SIGNETICS PART NUMBER COMPANY SIGNETICS 


5534/A Tl SE/NE5534/A NSC 

555 INTERSIL, MOTO, TI NE555 INTERSIL, FSC, TI 
NSC NE555 INTERSIL 
FSC NE555 MOTO, NSC 
NSC NE556 PMI 


INTERSIL, MOTO, TI 
FSC 
NEC 
MOTO, NSC 
NSC 


NES66 AMD 
NE567 FSC, MOTO, TI 
NES592 NSC 
NES594 FSC, TI 
AM6012 MOTO, NSC 


NEC AM6012 8160 SPRAGUE NE5560 
SPRAGUE SA594 8161 SPRAGUE NE5561 
SPRAGUE NE594 7588 Tl MC1488 

MOTO, NSC pA723/C 7589/A TI MC1489/A 
_ INTERSIL, FSC, TI pwA723 76689 Tl CA3089 
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CROSS REFERENCE BY COMPANY 


1508 MC 1508 


AM 6012 AM 6012 
AMDAC 08 DAC-08C,E 
LF 398 NE 5537 


LM LM 111 


LM 319 LM 319 
SSS 14084 MC 1408 
SSS 1508A MC 1508 
SSS 741 yA 741 
SSS 747 pA 747 

FAIRCHILD SIGNETICS 

pA 111 LM 111 

pA 124 LM 124 

pA 139 LM 139 

pA 1458 MC 1458 

pA 1488 MC 1488 


MC 1558 
LM 193 

LM 2901 
LM 2903 
LM 301A 


NE 5561 
NE 555 
NE 556 
pA 723 
nA 733 
pA 741 
pA 747 
nA 748 
pA 758 
LM 111 
nA F211 LM 211 
wA F311. LM 311 
ICL 741 uA 741C 
LM 311 LM 311 
LM 324 LM 324 
NE 555 NE 555 
NE 556 NE 556 
MOTOROLA SIGNETICS 
LM 111 LM 111 
LM 124 LM 124 
LM 139 LM 139 
LM 158 LM 158 
LM 211 LM 211 
LM 224 LM 224 
LM 239 LM 239 
LM 258 LM 258 
LM 2901 LM 2901 
LM 311 LM 311 
LM 324 LM 324 “| 
LM 339 LM 339 
LM 358 LM 358 
LM 565 NE 565 
LM 723C pA 723C 


AMD SIGNETICS 
‘AM 


MOTOROLA SIGNETICS 


TO 
LM 


pA 741C 
MC 1408 
ULN 2003 
ULN 2004 
NE 555 


MC 1458 
MC 1488 
MC 1489 
MC 1489A 
MC 1508 


MC 1558 
MC 1596 
A 723 

pA 723C 
uA 733 


MC 3410 
NE 556 
MC 3503 
MC 3510 
NE 555 


NE 556 
NE 565 
NE 592 
SE 592 
NE 5561 


DAC O8EN 


MC 1408-7 
MC 1408-8 
MC 1408-8N 
MC 1508 
MC 1488 


MC 1489 

LM 111 

LM 211 

LM 314 

LF 398: 
NE 5537 


NE 645°'646 


LM 111 
LM 119 
LM 124 
LM 13600 


NE 5517 
LM 139 

MC 1408 
MC 1458 
MC 1496 


MC 1508 
MC 1558 
LM 158 
MC 1596 
SE 529 


LM 1870 LM 1870 
LM 193 LM 193 
LM 211 LM 211 
LM 219 LM 219 
LM 224 LM 224 
LM 239 LM 239 
LM 258 LM 258 
LM 2901 LM 2901 
LM 2903 LM 2903 
pe ees as) 
LM 293 LM 293 
LM 3089 CA 3089 
LM 311 LM 311 
LM 319 LM 319 
LM 324 LM 324 
LM 339 LM 339 
LM 3524 SG 3524 
LM 358 NE 532 
LM 361 NE 529 
LM 387 NE 542 
LM 393 LM 393 
MC 555 NE 555 
LM 555C NE 555 
LM 556 NE 556 
LM 565 NE 565 


LM 747 
LM 748 


LMDAC 08 


pA 758 


NEC 


pPC 1458 
wPC 1555 
pPC 311 
pPC 324 
uPC 339 


pPC 358 
PC 393 
pPC 398 


uPC 4558 
uPC 558 


CMP 04FP 


DAC 08 

DAC 1408A 

DAC 312 
OP 220 


PM 1558 
PM 239'A 
PM 741C 
PM 747C 


SIGNETICS 


MC 1458 
NE 555 
LM 311 
LM 324 
LM 339 


LM 358 
LM 393 
LF 398/ 
NE 5537 
NE 4558 
NE 558 


NE 566 
AM 6012 
DAC 08C,E 
nA 741C 


SIGNETICS 
LM 339 


DAC 08C,E 
MC 1408 
AM 6012 
LM 358 


MC 1558 


LM 239°A 
nA 741C 
pA 747C 


TCA 3089 

UDN 6116-2 
ULN 6128 
ULN 2003 
2004 


ULN 3304 
ULN 8160 


LM 158 
LM 193 
LM 211 
kM 224 
LM 239 


LM 258 
LM 2901 
LM 2903 
LM 293 
LM 311 


LM 324 
LM 339 
LM 358 
LM 393 
LM 1458 


SE 555 
SE 556 
SG 3524 
SN 5520 
SN 7588 


SN 7589 
SN 7589A 
SN 76689 
TL34 
TL 494 


TL 594 
pA 723 
pA 733 


pA 748 
ULN 2003A 
2004A 


NATIONAL SIGNETICS SPRAGUE  SIGNETICS 


CA 3089 
SA 594 
NE 594 
ULN 2003 
ULN 2004 


yA 741 
NE 555 

NE 5560 
NE 5561 


LF 398 
LM 111 
LM 124 
LM 139 
MC 1458 


LM 158 
LM 193 
LM 211 
LM 224 
LM 239 


LM 258 
LM 2901 
LM 2903 
LM 293 
LM 311 


LM 324 
LM 339 
LM 358 
LM 393 
MC 1458 


MC 1558 
NE 5532 
NE 5532A 
NE 5534 
NE 5534A 


NE 555 
NE 556 
NE 4558 
SE 5534 
SE 5534A 


SE:555 
SE 556 
SG 3524 
NE 5520 
MC 1488 


MC 1489 
MC 1489A 
CA 3089 
LM 311 
NE 5561 


NE 594 
pA 723 
nA 733 
LA 741 
wA 747 


pA 748 
ULN 2003 
ULN 2004 


renee name arte 


1-5 


|| 


LINEAR LS] PRODUCTS 


APPLICATIONS BY PART NUMBER 


DAC 08 AN106: Using the DAC 08 without a Negative Supply 
MC 1488/1489 AN113: Applications Using the MC1488/1489 Line Drivers and Receivers 
MC 1496/1596 — AN189: Balanced Modulator/Demodulator Applications Using the MC1496/MC 1596 
MC 3403 AN160: Applications for the MC3403 _ 
SG 3524 AN126: Applications Using the SG3524 
NE 5080/5081 AN195: Applications Using the NE5080, NE5081 
NE 521 AN116: Applications for the NE521/522/527/529 
NE 522 AN116: Applications for the NE521/522/527/529 
NE 527 AN116: Applications for the NE521/522/527/529 
NE 529 _ AN116: Applications for the NE521/522/527/529 
NE 531 AN151: Applications for the NE531 
NE 538 AN150: Applications for the NE538 
NE 542 AN190: Applications of Low Noise Stereo Amplifiers: NE542 
NE 544 AN133: Applications Using the NE544 Servo Amplifier 
NE 555 AN170: NE555 and NE556 Applications 
NE 556 AN170: NE555 and NE556 Applications 
NE 558 AN171: NE558 Applications 
NE 564 AN179: Circuit Description of the NE564 
AN180: The NE564: Frequency Synthesis 
AN182: Clock Regenerator with Crystal Controtiea Phase Locnea VOC 
AN181: A 6MHz FSK Converter Design Example for the NE564 
‘NE 565 AN183: Circuit Description of the NE565 
. AN184: FSK Demodulator with NE565 
NE 566 AN185: Circuit Description of the NE566 
AN186: Waveform Generators with the NE566 
NE 567 AN187: Circuit Description of the NE567 Tone Decoder 
AN188: Selected Circuits Using the NE567 
NE 570/571/SA571 AN174: Applications for Compandors: NE570/571/SA571 
NE 572 AN175: Automatic Level Control: NE572 
NE 587/589 AN112: LED Decoder Drivers: Using the NE587 and NE589 
NE 592/5592 AN141: Using the NE592/5592 Video Amplifier 
NE 5044 . AN131: Applications Using the NE5044 Encoder 
NE 5045 AN132: Applications Using the NE5045 Decoder 
NE 5512/5514 AN144: Applications for the NE5512 and NE5514 
NE 5517 AN145: NE5517: General Description and Applications for Use with the NE5517/A 
Transconductance Amplifier 
NE 5520 AN118: LVDT Signal Conditioner: Applications Using the NE5520 
NE 5532/33/34 AN142: Audio Circuits Using the NE5532/33/34 
NE 5535 AN143: Applications Using the SE/NE5535 
NE 5539 AN140: Compensation Techniques for Use with the SE/NE5539 
NE 5560 AN121: Forward Converter Application Using the NE5560 
AN122: NE5560 Push-Pull Regulator Application 
NE 5561 AN123: NE5561 Applications 
AN124: External Synchronization for the NE5561 
uA 758 AN191: Stereo Decoder Applications Using the »A758 
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en ann mo 


INTERFACE 
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AN100 
AN101 
AN105 
AN106 
AN 109 


Drivers 
AN112 
AN113 


Comparators 
AN116 


Signal Conditioner 
AN118 


COMMUNICATIONS 
Timers 
AN170 
AN171 


Phase Locked Loops 
AN177 
AN178 
AN179 
AN180 
AN181 
AN182 
AN183 
AN184 
AN185 
AN186 
AN187 
AN188 
AN189 
AN190 
AN191 


Compandors 
AN174 
AN175 
AN176 


FSK Modems 
AN195 


AMPLIFIERS 
Operational Amplifiers 
~ AN165 
AN166 
AN142 
AN143 
AN150 
AN 151 
AN160 
AN144 
AN145 


AN164 


Video Amplifiers 
AN141 
AN140 


ee lle. 


An Overview of Data Converters 

Basic DACs 

Digital Attenuator 

Using the DAC-08 without a Negative Supply 
Microprocessor Compatible DACs 


LED Decoder Drivers: Using the NE587 and NE589 
Applications Using the MC 1488/1489 Line Drivers and Receivers 


Applications for the NE521/522/527/529 


LVDT Signal Conditioner: Applications Using the NE5520 


NE555 and NE556 Applications 
NE558 Applications 


An Overview of Phase Locked Loops (PLL) 

Modeling the PLL 

Circuit Description of the NE564 

The NE564: Frequency Synthesis 

A 6MHz FSK Converter Design Example for the NE564 

Clock Regenerator with Crystal Controlled Phase Locked VCO 
Circuit Description of the NE565 

FSK Demodulator with NE565 

Circuit Description of the NE566 

Waveform Generators 

Circuit Description of the NE567 Tone Decoder 

Selected Circuits Using the NE567 

Balanced Modulator/Demodulator Applications Using the MC1496/MC 1596 
Applications of Low Noise Stereo Amplifiers: NE542 

Stereo Decoder Applications Using the »A758 


Applications for Compandors: NE570/571/SA571 
Automatic Level Control: NE572 
Compandor Cookbook 


Applications Using the NE5080, NE5081 


Integrated Operational Amplifier Theory 

Basic Feedback Theory 

Audio Circuits Using the NE5532/33/34 

Applications Using the SE/NE5535 

Applications for the NE538 

Applications for the NE531 

Applications for the MC3403 

Applications for the NE5512 and NE5514 

NE5517: General Description and Applications for Use with the NE5517/A 
Transconductance Amplifier 
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Using the NE592/5592 Video Amplifier 
Compensation Techniques for Use with the SE/NE5539 
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AN120 
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AN123 
AN124 
AN 126 


Control Circuits 
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AN132 
AN133 
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An Overview of SMPS 

Forward Converter Application Using the NE5560 
NE5560 Push-Pull Regulator Application 
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LINEAR LSI DEVICES CURRENTLY 
AVAILABLE IN $.O. PACKAGE 


For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office. 


NOTES: 


SDAC-08E 

3LF398 
LM1870D 
LM311 
LM319 
LM324 
LM339 
LM358 
LM393 


3MC 1408-8 


MC 1458 
MC 1488 
MC 1489 
MC1489A 
MC3302 
MC3403 
NE4558 
2NE5018 
°NE5036 
NE5037 
NE5044 
NE5045 
1NE5090 
NE521 
NE522 
NE527 
NE529 
NE532 
3NE5512 
2NE5514 
NE5517 
'NE5520 
'NE5532 
NE5534A 
NE5534 
3NE5537 
NE5539 


SO-16 
SOL-14 
SOL-20 
SO-8 
SO-14 
SO-14 
SO-14 
SO-8 
SO-8 
SO-16 
SO-8 
$O-14 


S0-14 © 


SO-14 
S0-14 
SO-14 
$O-8 
SOL-24 
$0-14 
$O-16 
SO-16 
SO-16 
SOL-16 
SO-14 
SO-14 
SO-14 
SO-14 
$O-8 
$O-8 
SOL-16 
SO-16 
SOL-16 
SOL-16 
$0-8 
SO-8 
SO-14 
SO-14 


1. SOL released in large SO package only. 


2. SOL and non-standard pinout. 


3. SO and non-standard pinout. 


NE555 
NE556 
NE5560 
NE5561 
NE5568 
‘NE558 
NE5592 
NE564 
5NE565 
NE566 
NE567 
'NE571 
NE572 
2NE587 
2NE589 
NE592 
NE592 
NE592H 
NE592H 
'NE594 
NE602 
NE604 
*"NE660 
SA571 
SA572 
SA602 
SA604 
SG3524 
pA723C 
pA741C 
pA747C 
ULN2003 
ULN2004 


SO-8 
SO-14 
SO-16 
SO-8 
SO-8 
SOL-16 
SO-14 
SO-16 
SO-14 
SO-8 
SO-8 
SOL-16 
SO-16 
SOL-20 
SOL-20 
SO-8 
SO-14 
SO-8 
SO-14 
SOL-20 
SO-8 
$O-16 
SOL-20 
SO-16 
SO-16 
SO-8 
SO-16 
SO-16 
SO-14 
SO-8 
SO-14 
SO-16 
SO-16 
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LINEAR LSI PRODUCTS 


ORDERING INFORMATION 


For Prefixes AM, CA, DAC, LF, LM, MG, NE, SA, SE, SG, pA and ULN 


ORDERING INFORMATION 


Signetics’ Linear LSi integrated circuit pro- 
ducts may be ordered by contacting either the 
local Signetics sales office, Signetics represen- 
tatives and/or Signetics authorized distributors. 
A complete listing is located in the back of this 
manual. 


Minimum Factory Order: 
Commercial Product: 

$1000 per order 

$250 per line item per order 


Military Product: 
$250 per line item per order 


Table 1 provides part number information 
concerning Signetics originated products. 


Table 2 is a cross reference of botn the old 
and new package suffixes for all presently 
existing types, while Tables 3 and 4 provide 
appropriate explanations on tne various 
prefixes employed in the part number 
descriptions. 


As noted in Table 3, Signetics defines device 
operating temperature range by the appropri- 
ate prefix. It should be noted, however, that 
devices with a SE prefix (— 55°C to + 125°C) 
indicates only its operating temperature 
range and not its military qualification status. 
The military qualification status of any Linear 
LS! product can be determined by either 
looking in the Military Section in this manual 
and/or contacting your local sales office. 


Table 1 PART NUMBER DESCRIPTION 


PART CROSS REF 
NUMBER PART NO. 


NE5537N LF398 LIN 


se» Product Family 


PRODUCT 
FAMILY 


PRODUCT 
DESCRIPTION 


Sample & Hold Amp 


Description of 
Product Function 


LIN Analog Products 
MIL Military Products 


Package Descriptions — See Table 2 


Device Number 


Device Family and Temperature Range Prefix—See Tables 3 & 4 


Table 2 PACKAGE DESCRIPTIONS 


PACKAGE 
DESCRIPTION 


14-lead plastic DIL 


14-lead plastic DIL ‘Selected 


Analog products only) 
16-lead plastic DIL 
Microminiature package (SO) 
14, 16, 18, 22 and 24-lead 

| ceramic (Cerdip) DIL 


14, 16, 18, 22, 28 and 4-lead | 


ceramic DIL 
10-lead TO-106 


can 
24-lead plastic DIL 
10, 14, 16 and 24-lead 
ceramic flat 

8-lead TO-99 

SIL Plastic power 
8-lead plastic DIL 
18-lead plastic DIL 
20-lead plastic DIL 
22-lead plastic DIL 
28-lead plastic DIL 


zZ2222C2X 02 


10-lead high-profile TO-100 


Table 3 SIGNETICS PREFIX AND 
DEVICE TEMPERATURE 


DEVICE TEMPERATURE 
RANGE 


0° to + 70°C 
— 55° to + 125°C 

O° to + 70°C 
— 55° to +125°C 
— 40° to + 85°C 


PREFIX 


Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 


Mi! Rel—Jan Qualified-—— 
Old Designator 


Mil Rel—Jan Qualified— 
New Designator 


Linear Industry Standard 
Linear Industry Standard 
Mil Rel—Jan Processed 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 


Section 2 
Quality 
and 
Reliability 
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LINEAR LSI PRODUCTS 


QUALITY AND RELIABILITY 


QUALITY AND RELIABILITY 
Quality and reliability are two Important 
measures of a product’s merit. Quality is a 
measure of an Integrated circult’s con- 
formance to agreed-upon criteria at a 
given time, while Reliability Is a measure 
of the circult’s ability to continue to con- 
form over a period of time. 


Quality 

The quality of an Integrated circult Is ap- 
praised by the user based on the ability of 
the circult to meet the specified electrical 
criterla and external visual appearance. 
Linear LSI Division focuses on supplying 
to the user a prcduct that has a high pro- 
bability of meeting the users needs 
through the sampling plans defined in 
MIL-STD-105D and the quality levels 
(AQL’s) stated in Table Il. Many of the in- 
spection methods at critical process 
steps are now based on MIL-STD-883 
criteria in order to build, rather than test, 
quality into the product. 


Reliability 

System performance over a period of time 
is the user’s measure of an integrated cir- 
cuit’s reliability. The SUPR || Program im- 
proves system reliability by building quality 
into the product via additional manufac- 
turing inspections and the offering of a 
burn-in screen. In addition to the SUPR II 
Program, Signetics performs periodic 
reliability testing via the SUREIII/883A Pro- 
gram to assure continuing uniformity and 
long-term reliability of all product lines. 
This data base is updated quarterly and is 
available upon request from the Linear LSI 
QR manager. 


How Do Integrated Circuit 


Failures Occur? 

Results from the Signetics Failure 
Analysis Lab over a three-year period on 
product returned from board checkout, 
system checkout, field usage and accel- 
erated life testing are graphically 
presented in Figure 1. Under typical 
system operating conditions, random 
manufacturing defects, as outlined in 
Table 1, are the primary cause of true 
device failure. Also shown in Table 1 are 
the process controls that have been added 
via the SUPR II Program to minimize these 
defects prior to shipment to the customer. 
The device failure models are categorized 
as: 


Half of the devices analyzed were found to 
be electrically good. They are attributed to 
being ‘false pulls” that occur during nor- 
mal troubleshooting at the board and 
system levels. 


Devices damaged by electrical over-stress 
account for 25% of the fallures. Typical 
causes for electrical over-stress are Incor- 
rect board Insertion, board shorts between 
device pins, power supply transients, and 
poor handling techniques. 


The remaining 25% were verified to be 
true failures which occurred as a result of 
an In-process manufacturing defect or 
test escape. 


Improved Quality Benefits 

From the user's point of view, Improved In- 
tegrated circult quality from the supplier 
means a lower cost of ownership. This 
cost saving can be effected through the 
reduction or elimination of Involved In- 
coming inspection testing, reduced PC 
board rework, simplified system checkout, 
reduced in-line inventories, and less com- 
plicated part tracking by Purchasing 
Management. 


The SUPR I! Program is Corporate in 
scope and covers Logic (Standard TTL, 
Schottky TTL, Low Power Schottky TTL, 
ECL, 8T Interface), Analog (Industrial, Con- 
sumer, Interface), Bipolar Memories 
(RAMs, ROMs, PROMS), and MOS 
Memories (RAMs, ROMs, Shift Registers). 
Ail package options are also available. 


The SUPR II flow is detailed in Figure 5, in- 
cluding the test methods and Quality ac- 
ceptance levels (Table 2 provides the elec- 
trical/mechanical finished product AQLs). 
Highlights of the flow are visual inspec- 
tions, hermeticity, and burn-in, all based 
on MIL-STD-883 criteria. 


A good example of the savings which can 
be achieved by purchasing tighter inspec- 
tion levels is given in Figure 2. Here we are 
comparing the various levels of inspection 
(AQLS) available for device functionality 
and its impact on the number of PC boards 
which must be reworked during system 
manufacturing. 


FAILURE ANALYSIS 
DATA SUMMARY 


TEST 
RELATED 


FABRICATION DEFECTS 


RELATED 
DEFECTS 


ASSEMBLY 
RELATED 
DEFECTS 


ELECTRICAL 
OVERSTRESS 
25% 


Figure 1 


AQL LEVELS ON FUNCTIONALITY 
VERSUS BOARD REWORK RATES 


ar 0% AQL 
Vain STANDARD 


PERCENT OF BOARD RE WORKS 


eee 
i 80 100 12 
DEVICES BOARD 


0 


Figure 2 


FAILURE | | PROCESS 
MECHANISMS CONTROLS 


Die 
Fabrication 
Related 


Metalization 
Oxide Defects 
Mechanical 
Scratches 
Contamination 


Assembly 
Related Package and 


Seal Defects 


Test 
Related 


Test Escapes 


Bonding, Wire, 


SEM Monitor 
Visual 

Stabilization Brake 
Burn-in 


Preseal Visual 
Stabilization Bake 
Hermeticity 


Tightened AQL Guarantees 
High Temperature 

Testing 

Product Characterization 


LINEAR LSI PRODUCTS 


QUALITY AND RELIABILITY 


LEVEL B 
Removal of Infant Mortality 
Failures 


Failure rates are most severe during the first 
few months of operating life. This is known 
as the “infant mortality” phase. A system 
manufacturer has various options to solve 
problems arising from infant failures. He can 
ship his system to the end customer and 
repair field failures as they occur. He can 
operate the system in-house for this period 
and repair failures. Or he can purchase de- 
vices which have already been precon- 
ditioned to eliminate the early failures. Each 
customer must choose the most cost-effec- 
tive method for his particular business. A 
considerable number of the reliabilty de- 
fects which cause early failures are elimi- 
nated by the manufacturing control and pre- 
conditioning steps of SUPR II Level A 
processing. More persistent defects can be 
removed by the use of “burn-in” techniques. 
The “burn-in” processing of SUPR II Level B 
effectively allows the system manufacturer 
to ship his equipment at Point 3 on the fail- 
ure rate curve in Figure 3. 


Burn-in Conditions 

MIL-STD-883A, Method 1015 describes a 
number of different conditions for integrated 
circuit burn-in. For SUPR Il Level B, 
Signetics has selected Condition F. This is 
the accelerated burn-in method derived from 
MIL-STD-883A, utilizing a high temperature 
reversed bias condition. This bias scheme is 
preferred for infant mortality screening, 
while operating conditions are generally uti- 
lized for internal reliability programs orient- 


MECHANICAL 


SEAL TESTS 
(CERAMIC/METAL CANS ONLY) 


MIN/MAX 


DC PARAMETRIC/FUNCTIONAL RATED OVER 
TEMP 
AC PARAMETRIC 25°C 


(Combined) 


MAJOR/ 
MINOR 
(Combined) 


FINE LEAK 
5x87 Scc/s 
GROSS LEAK 
(Combined) 


RELATIVE FAILURE RATE VERSUS TIME 


1 


SUPR Ii 


/ LEVEL A 
SUPR It 
/ LEVEL B 


RELATIVE FAILURE RATE 


0.01 


INFANT 
MORTALITY 
PHASE 


bg STANDARD COMMERCIAL 


INHERENT RELIABILITY 


\=0.004% 1000 HOURS (60% C.L. 55°C) 


ry 
° 
° 
. 
ae 
eee 
ecovccccvafesseee® 


Figure 3 


ed toward generating MTBF data for the 
system designer. 


Integrated Burn-in Flow 

Signetics SUPR Ii Level B burn-in is per- 
formed to provide reliability assurance 
equivalent to a 168-hour/ 125°C ‘screen. 
This process has been integrated into the 
standard manufacturing flow to provide the 
customer with the most cost effective 
screen and significantly reduced delivery 
times. 


LINEAR LSI QUALITY 


Process 
Average 
(PPM) 


AQL 
Guarantees 


Table 2 SUPR Ii AQL GUARANTEE 


BURN-IN FLOW 


ASSEMBLY 

The flow from SEM control through 

package seal is common to Levels A 

and B. 
ara ete eneet 

TEST 

The pre-burn-in electrical screen is 

designed to remove assembly rejects 

and increase equipment efficiency. 
i ea © eee 

BURN-IN 

The 24-hour/ 155°C accelerated 

burn-in is well controlled to provide 

maximum screening effectiveness 

without damaging good devices. 


[ea 
TEST 
The post-burn-in electrical is a 100% 
production DC/function electrical 
test. 


Figure 4 


SURE 111/883B 
RELIABILITY PROGRAM 


Definition 

Signetics is recognized as a manufacturer 
of reliable integrated circuits. Signetics 
realized long ago the need for a compre- 
hensive reliability program to provide 
timely data representative of the entire 


LINEAR LSI PRODUCTS 


QUALITY AND RELIABILITY 


Signetics product line. Thus the establish- 
ment of a Systematic and Uniform 
Reliability Evaluation program, known as 
SURE, which provides this data in a man- 
ner unique to the industry. Furthermore, 
this program is provided at no cost to 
customers. 


The SURE Program is a Signetics in-house 
Qualification Test Program which has 
been in existence since 1963. The SURE 
Program is designed to monitor the con- 
tinuing uniformity of all Signetics pro- 
ducts and to demonstrate via periodic 
qualifications that Signetics products 
meet or exceed the stringent long-term 
reliability requirements of their intended 
applications. 


The SURE Program is reviewed and 
modified annually to incorporate appropri- 
ate changes in military microelectronic 
test programs, products and demon- 
strated product capabilities, and market 
requirements. The 1978 SUREIII/883B Reli- 
ability Program contains minor changes to 
the 1975 SUREII/883A Program, most sig- 
nificant of which is the inclusion of recent 
changes in military microelectronic test 
programs (i.e., inclusion of MIL-STD-883B, 
Method 5005.4 and MIL-M-38510D). The 
‘SUREII/883B Program continues to incor- 
porate additional environmental tests to 
fulfill the need for special reliability 
assurance of plastic products. 


Data generated from this program is up- 
dated quarterly and is avaiiable from the 
Linear LSI Division QRA manager. Both 
quality and reliability have recently re- 
ceived major corporate focus at Signetics 
through the application—in all depart- 
ments—of the Signetics 14-step Quality 
Improvement Program. 


SUPR Il PROCESS FLOW 


WAFER 
FABRICATION 
AND TEST 


DIE ATTACH 
WIRE BOND 


HERMETIC 
SEAL 


PLASTIC 
ENCAPSULATION 


BURN. 
IN 


OPTION J ~-—~~__ 


100% 


ELECTRICAL 


TEST | ee 


OUTGOING QUALITY 


CONTROL 


SHIPMENT 


SCANNING ELETRON MICROSCOPE CONTROL (SEM) 
Waters are sampled daily by the Quality Control Laboratory 
from each fabrication area and subjected to SEM analysis. 
This process control reveals manufacturing defects such as 
contact and oxide step coverage in the metalization process 
which may result in early failures. 


DIE SORT VISUAL ACCEPTANCE 

Criteria based on MIL-STD-883, Method 2010, Condition B, are 
employed to detect defects caused during fabrication, wafer 
testing, or the mechanical scribe and break operation. Critical 
defects such as scratches, smears, and glassivated bonding 
pads are inspected to a 1% AQL. Lot acceptance for noncriti- 
cal defects is to a 4% AQL. 


PRE-SEAL VISUAL ACCEPTANCE 

Criteria based on MiL-STD-883, Method 2010, Condition B, are 
employed to detect any damage incurred at the die attach and 
wire bonding stations. Critical defects such as scratches, con- 
tamination and smeared ball bonds are inspected to a 0.65% 
AQL. Lot acceptance is to 2.5% AQL. 


STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked to stress wire and die bonds 
and help eliminate marginal devices. It also ensures an opti- 
mum plastic seal to enhance moisture resistance. 


SEAL TESTS 

Package seal integrity is ansured by 100% gross leak testing 
per MIL-STD-883, Method 1014, Condition C and fine leak sam- 
pling per Condition A or B. 


BURN-IN (LEVEL B OPTION) 
Devices are burned in for the equivalent of 168 hours at 125°C 
in accordance with MIL-STD-883A, Method 1015, Condition F. 


100% PRODUCTION ELECTRICAL TESTING 
Every device is tested for functional and DC parameters at 
25°C, room ambient. 


QA GUARANTEES 

A final QA inspection stap guarantees the mechanical and 
electrical AQL’s of Tabie Il. Every shipment is sealed and identi- 
fied by QA personnel. 


Figure 5 
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LINEAR LSI PRODUCTS 


MILITARY PRODUCTS/PROCESS LEVELS 


MILITARY PRODUCTS/ 
PROCESS LEVELS 


The Signetics MIL 38510/883 Program is 
organized to provide a broad selection of 
processing options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our 
customers: 


¢ Fully compliant 883B flows on all products. 


Standard processing flows to help mini- 
mize the need for custom specs. 


* Cost savings realized by using standard 
processing flows in lieu of custom flows. 


* Better delivery lead times by minimizing 
spec negotiation time, plus allow custom- 
ers to buy product off-the-shelf or in 
various stages of production rather than 
waiting for devices started specifically to 
custom specs. 


The following explains the different process- 
ing options available to you. Special device 
marking clearly distinguishes the type of 
screening performed. 


JAN QUALIFIED (JS and JB) 


JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government's product standard- 
ization programs, and is monitored by the 
Defense Electronic Supply Center (DESC), 
through the use of industry-wide procedures 
and specifications. 


JAN Qualified products are manufactured, 
processed and tested in a government certi- 
fied facility to Mil-M-38510, and appropriate 
device slash sheet specifications. Design 
documentation, lotsampling plans, electrical 
test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL 38510). 


Quality conformance inspection testing, per 
MIL-STD-883, Method 5005, is performed 
according to Mil-M-38510 as follows: 


¢« Group A; each sublot. 


¢ Group B; one sublot for each package type 
every week. 


¢ Group C; one sublot for each microcircuit 
group every 13 weeks. 


¢ Group D; one sublot for each package 
type every 26 weeks. 


NOTE: This category of part conforms to 
Quality Level B (xa = 1.0) of MIL-HDBK- 
217D. 


JAN 
CASE OUTLINE 
AND 


All products listed are also availabie in Die form. 


SIGNETICS MILITARY PACKAGE TYPES 
CERAMIC 


Table 1 MILITARY PACKAGE AVAILABILITY 


JS 


JAN Qualified 


54 

54LS 

54S 

82 

8T 

93XX 

96XX 

Analog 
Bipolar Memory 

Microprocessor 


Table 2 MILITARY SUMMARY 


customer source inspection option is at 
pre-ship (verification only). 


In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also possess 
a requirement for a standard marking used 
throughout the IC industry. 


By implementing this space-oriented govern- 
ment standardization program, Signetics 
complies with the trend of reducing the 
numerous similar Source Control Drawings 
(SCD’s). This standardized trend results ina 
single complete and comprehensive specifi- 
cation, a single product flow, and a single 
administrative effort—for both the aerospace 
community and for Signetics. This effort will 
also result in a single lower price. Because 
the list of Signetics' qualified products will 
change periodically, you may wish to contact 
your nearest Signetics'’ Sales Office or refer 
to the Products Qualified under Military 
Specification from DESC for our current 
update. 


JAN Class S orders will be quoted with unit 
price only (similar to present Class B pro- 
grams). There will be no lot charges forSEM 
inspection, electrical testing, or Group B or 
D qualification. Ali additional charges are 
amortized in the unit price. 


Package types currently qualified are: 
1) Cerdip—ceramic dual-in-line 
2) Cerpac—ceramic flat pack 


Government Source Inspection (GSI) is a 
required portion of the JAN 38510 Class S 
specification. No alterations to this specifi- 
cation may be instituted. Therefore, the only 


Additional program data options (Such as 
wafer lot acceptance, attributes, Group B, D, 
and others) are available upon request fora 
nominal fee. 


MIL-STD-883, LEVEL B 


Processing to this option is ideal when no 
JAN slash sheets are released on devices 
required. Product is processed to MIL-STD- 
883 Method 5004, and is 100% electrically 
tested to Signetics data sheets. 


Quality conformance inspection per MIL- 
STD-883, Method 5005, Group A, is per- 
formed on each sublot. Group A subgroup 
electrical parameters are those included 
in the detailed Signetics data book. Con- 
tact the factory for parametric subgroup 
assignments. 


Generic quality conformance data per 
method 5005, Groups 8B, C and D, is 
generally available on popular device 
types and packages, but availability is not 
guaranteed. The factory must be con- 
sulted prior to ordering generic datz. 
When available, generic data is defined as 
follows: 


e Group B; Performed once per package 
type every six weeks of seal. 


e Group C; Performed once per microcir- 
cuit group every 52 weeks of 
seal. 
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LINEAR LS! PRODUCTS 


MILITARY PRODUCTS/PROCESS LEVELS _ 


e Group D; Performed once per package parameters for Groups C and D are the NOTE: This category of part conforms to 
type every 52 weeks of seal. Group A subgroups 1, 2, and 3. Quality Level B-2 (xa = 6.5 of MIL-HDBK- 


Quality conformance endpoint electrical Copies of generic data, Groups A,B,C and = 2170. 
D, may be ordered by customers at a 
PROCESS LEVEL | PRE-cAP | 
' AND MARKING VISUAL 


nominal charge. 
[BURNIN | 
Yes. 100% 100% 100% Yes 
Yes 100% 1 400% 100% No | 


FUNCTIONAL DC/AC pc 
TEST @ 25°C @ TEMP 
JAN Class S Product Inventory 


OFFSHORE 


JS/JB 2010, Cond. B No 
JM38510XXXXX 
RB 2010, Cond. B Yes 


SXXXX883B 


C) C) Wafer Lot 
C) = 24 Wafers 


Wafer Lot Acceptance 
(Includes SEM and GSI) | 


Ship 
Purchase Order 


+Inventory Overbuild 


Wafer Bank: 
1 or 2 Wafers 
(Wafer Lot Accepted) 


The Signetics’ JAN Class S inventory pro- 
gram will reduce delivery time and shipment 
delinquencies. As continuing orders from 
customers are processed to this specifica- 
tion, inventories will be established for 
products in the form of pre-qualified wafers 
and finished parts. As the program matures, 
this will allow immediate delivery of JAN 
Class S parts. 


Balance to 
Finished 
Goods Inventory 


Product 


Field Sales Assembly 


Wafer 
" Fabrication } 


| Marketing | Order 
Review Entry/Audit 


* Agency « Agency 
Certification Certification 
¢ Wafer Lot Accep- °* Tightened Lot 
Jan Class S Product Flow tance (GS!) Control (Ref: 
° Baseline Flow Class B) 
* Traceability to ¢ Wirebond and Die 
Silicon Sheer Monitor 
* Condition “A" Pre- 
cap (GSI) 
* 100% Non- 
Destructive Bond 
Pull 


Product 
Screening 


JAN Qual 


JAN Group A Holding 


Ship (GSI) 


* PIND Testing M2020 


* Read and Record on | 
Extended Burn-in Qual Test 
(240 Hours) peampletee! 

* Tightened PDA's * 

(Ref: Class B) 

¢ Catastrophic Failure 

Analysis Requirements 


* GSI 
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MILITARY PRODUCTS/PROCESS LEVELS 


PROCESSING LEVELS 


JAN 
QUALIFIED 
(JB) 


MIL-M-38510 AND MIL-STD-883 
REQUIREMENTS REQUIREMENTS, METHODS AND 
AND SCREENS TEST CONDITIONS 


General Mil-M-38510 | The Manufacturer shail establish and implement 
1, Pre-Certification | a Products Assurance Program Plan and provide 
A. Product Assur- | for a manufacturer survey by the qualifying activ- 
ance Program | ity, Para. 3.4.1.1 

B. Manufacturer's 
Certification 


2. Certification 


DESCRIPTION OF 
REQUIRE- CLASS 8838 


MENT s 


Received after manufacturer has completed a 
successful survey, Para. 3.4.1.2 


Device qualification shall consist of subjecting 
the desired device to groupsA, B, C & D of method 
5005, Para. 3.4.1.2 


Traceability maintained back to a production lot 
Para. 3.4.6 


Devices must be manufactured, assembled, and 
tested within the U.S. or its territories, Para. 3.2.1 


3. Device 
Qualification 


4. Traceability 


5. Country of Origin 


Screening Per 
Method 5004 of 
Mil-Std-883 


6. Non-Destructive 
Bond Pull 


. Internal Visual 
(Precap) 


8. Stabilization 
Bake 


. Temperature 
Cycling 


10. Constant 
Acceleration 


2023 


2010, Cond. Aor B 


1008, Cond. C Min 


1010, cond. C; (10 cycles, — 65°C to + 150°C) 


2001, Cond. E; (30kg in Y! Plane) 


There is no test method for this screen; it is In- 
tended only for the removal of “Catastrophic 
Failures” defined as ‘Missing Leads, Broken 
Packages or Lids Off.” 


. Visual Inspection 


12. Seal (Hermeticity) 


A. Fine Cond. A or B (5.0 x 107 ®CC/Sec) 
B. Gross Cond. C Min. 
13. Marking Fungus inhibiting ink 
14, Particle Impart 2020, Cond. A; per Paragraph 4.6.3 of MiL- N/A N/A 


Noise Test M-38510 


15. Radiographic 2012; two views N/A N/A 
16. Interim Per applicable Device Specification Optional Optional 
Electricals 
(Pre Burn-in) 


17. Burn-in 1015, Cond. as specified (160 hrs. Min at 125°C) 240 hrs. 
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DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 


18. Final Electricals 


a. Static Tests 
@25°C 

b. Static Tests 
@ + 125°C 

c. Static Tests 
@ — 55°C 

d. Dynamic Test 
@25°C 

e. Functional 
‘Test 
@25°C 

f. Switching 
Test 
@25°C 

g. Switching 
Test 
Temperature 


. Percent 
Defective 
Allowable (PDA) 


20. External Visual 
Quality Conform: 
ance Inspection 
per Method 5005 
of Mil-Std 883 


21. Group A 
22. Group B 


23. Group C 


24. Group D. 
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MIL-M-38510 AND MIL-STD-883 
REQUIREMENTS, METHODS AND 
TEST CONDITIONS 


Per applicable Device Specification 


Sub Group 1 
Sub Group 2 
Sub Group 3. 
Sub Group 4 (for Linear Products mainly) 


Sub Group 7 


Sub Group 9 


Sub Groups 10, 11 (as applicable) 


A PDA of 10% is a normal requirement ap- 
plied against the static tests @25°C (A-1). 
This is controlled by the slash sheets for JAN 
products. For RB 10% is standard. 


2009 


ATTRIBUTE DATA ONLY 


Electrical Tests—Final Electricals (#14 above) 
repeated on a sample basis (Sub Groups 1 
thru 12 as specified) performed in line with 
final electricals. 


Package functional and constructional 
related test (package dimensions, resistance 
to solvents, internal visual & mechanical, 
bond strength & solderability). 


| Die related tests (1,000 hr. operating life, © 


temperature constant 


acceleration). 


cycling, & 


Package related tests (physical dimensions, 
lead fatigue, thermal shock, temperature 
cycle, moisture resistance, mechanical 
shock, vibration, variable frequency, constant 
acceleration & salt atmosphere). 


PROCESSING LEVELS 


REQUIRE- 
MENT 
100% 
Read & 
Record 


5% 
3% Func- 
tional 


Each sublot 


Each pkg. | Each sublot 


type 


Each 
pcircuit 
group 
Each pkg. 
type 


Each 
26 weeks 
of seal 


JAN 
QUALIFIED 
(JB) 


Slash Sheet 


Each week 
of seal 


Each 13 
weeks 
of seal 


Each 
26 weeks 
of seal 


Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (cont'a) 


Generic 


Generic 


Generic 
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MILITARY PRODUCTS/PROCESS LEVELS 


LINEAR DEVICES 


PACKAGE JAN M—38510 
ee ee 
OPERATIONAL AMPLIFIERS | SE555 10903BCB F OPL 1 
LH2101A Dual Op Amp F SE555 10903BPB FE QPL 1 
LM101A Hi Perf Op Amp F,FE SE556-1 10902BCB F QPL 1 
LM 124 Quad Op Amp F LH2101A 10105BEB F QPL 1 
SE5532 Dual Op Amp FE LM101A 10103BCB F QPL 1 
SE5532A Dual Op Amp FE LM1C1A 10103BPB FE QPL 1 
SE5534 Low Noise Op Amp FE ” 
SE5534A Low Noise Op Amp FE 
SE5537 Sample and Hold Amp FE 
SE5539 High Freq Op Amp F 
COMPARATORS 
SE521 Dual Differential Comparator F 
SE527 Voltage Comparator F 
SE529 Voltage Comparator F 
LM139/A Quad Voltage Comparator F 
DIFFERENTIAL AMPLIFIERS 
SE592 Video Amplifier F 
pA733 Video Amplifier F 
PHASE LOCKED LOOPS 
SE567 Tone Decoder PLL F 
TIMERS 
SE555 Timer re 
SE556 Dual Timer F 
D to A CONVERTERS 
SE5018 8-Bit »«P-Comp DAC F 
SMPS CONTROL CIRCUITS 
SE5560 SMPS Cortroller F 


3-7 


section 4 
Interface Data 
Conversion Products 
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SE/NE5019 8-Bit Microprocessor-Compatible D/A Converter .......... 0.0.0: c cece cee eee 4-68 
NE5020 10-Bit Microprocessor-Compatible D/A Converter 1.0.0... 0... cece eee 4-73 
SE/NE5118 8-Bit Micro-Compatible D/A Converter—Current Output ........ 0.0.00. .e ee ee 4-81 
SE/NE5119 8-Bit Micro-Compatible D/A Converter—Current Output .......... 0.0.00. eee eee 4-85 
SE/NE5410 10-Bit Hi-Speed Multiplying D/A Converter ............... stil Grane eee ne ara Oat Mee oe 4-89 
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LM111/211/311 VONAGE COMPAIAION Sins hitacedin sucptlitccway Obes ieee oak whe ahs aye eek ands 4-99 
LM119/219/319 Dual Voltage Comparator... eee eee ene e eens 4-101 
LM/139/A/239/A/339/A Quad Voltage Comparator ..... 0... 0. ete ence nee teen nas 4-106 
LM193/A/293/A/393/A Low Power Dual Voltage Comparator... 0.0.0... et eee nes 4-111 
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LM2903 Low Power Dual Voltage Comparator .... 2.2... 0.000. 4-111 
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NE590 © Addressable Peripheral Driver .......0.0 0.0.00 0. eee eee 4-160 
NE591 Addressable Peripheral Driver .. 0.0.0.0. 00.00 ccc ce ee tee ee nena 4-160 
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ULN2004 High Volt./Current Darlington Transistor Array ... 0.2.0.0... ccc eee ee 4-170 
LVDT 
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D/A AND A/D CONVERTER—SYMBOLS AND DEFINITIONS 


Absolute Accuracy Error 

Absolute Accuracy Error is the difference between the theoretical 
analog input required to produce a given output code and the actual 
analog input required to produce the same code. The actual input is a 
range and the error is the midpoint of the measured band and the 
theoretical band. 


Absolute Maximum Ratings 

The Absolute Maximum Ratings are the operating safe zones. 
Exceeding these limits could cause permanent damage to the device. 
The device is NOT guaranteed to operate at these limits. 
Conversion Speed 

Conversion Speed is the speed at which a converter can make repeti- 
tive Conversions. 

Conversion Time 


Conversion time is the time required for a complete conversion cycle 
of an ADC. Conversion time is a function of the number of bits and the 
clock frequency. 


Differential Non-Linearity (DNL) 


Differential Non-Linearity of a DAC is the deviation of the measured . 


output step size from the ideal step size. In an ADC it is the deviation 
in the range of inputs from 1 LSB that causes the output to change 
from one given code to the next code. Excessive DNL gives rise to 
non-monotonic behavior in a DAC and missing codes in an ADC. 


Differential Non-Linearity Tempco 

Differential! Non-Linearity Tempco is the temperature coefficient of 
DNL and specifies how DNL changes with temperature. 

Full Scale Tempco 


Full Scale Tempco in a DAC is the change of full scale output with a 
change of temperature. In an ADC it is the change in the input 
required to cause full scale transistion. Expressed in ppm/degree C. 


Gain Error 


Gain Error is the error of the slope of the line drawn through the mid- 
points of the steps of the transfer function as compared to the ideal 
slope. It is usually measured by determining the error of the analog 
input voltage to cause a full scale output word with the ideal value that 
should cause this full scale output. This gain error is usually 
expressed in LSB or in percent of full scale range. 


Hysteresis Error 

Hysteresis Error is the code transition voltage dependence relative to 
the direction from which the transistion is approached. 

Integral Non-Linearity 

Integral Non-Linearity is the difference between the ideal transfer 
characteristic and the actual characteristic. 

Least Significant Bit (LSB) 

The Least Significant Bit is the lowest order bit, or the oit with the 
least weight. 

Missing Code - 

A Missing Code is a code combination that does not appear in the 
ADC’s output range. 


Monotonicity 


A DAC is monotonic if its output either increases or remains the same 
when the input code is incremented from any code to the next higher 
code. 


Most Significant Bit (MSB) 


The Most Significant Bit is the highest order bit, or the one with the 
most weight. 


Offset Error 


Offset error is the constant error or shift from the ideal transfer 
characteristic of a converter. In a DAC it is the output obtained when 
that output should be zero. In an ADC it is the difference between the 
input level that causes the first code transistion and what that input 
level should be. 


Output Voltage Compliance 


Output Voltage Compliance of a current output DAC is the range of 
acceptable voltages at the DAC output for the DAC output current to 
remain within its specified limits. 


Power Supply Sensitivity 


Power Supply Sensitivity of a DAC is the change of output current or 
voltage with changes in the power supply voltage. In an ADC, it is the 
change in the transistion points from code to code with changes in the 
power supply voltage. 


Quantizing Error 


In an A/D converter there is an infinite number of possible input 
levels, but only 2” output codes (n = number of bits). There will, there- 
fore, be an error in the output code that could be as great as 1/2 LSB 
because of this quantizing effect. The greatest error occurs at the 
transistion point where the output state changes. 


Relative Accuracy 


Relative Accuracy is a measure of the difference of the theoretical 
output value with a given input after any offset and gain errors have 
been nulled out. 


Resolution 


Resolution is the number of bits at the input or output of an ADC or 
DAC. It is the number of discrete steps or states at the output and is 
equal to 2” where in is the resolution of the converter. However, n bits 
of resolution does not guarantee n bits of accuracy. 

Setting Time | 

Setting Time is the delay in a DAC from the 50 percent point on the 
change in the input digital code to the effected change in the output 
signal. It is expressed in terms of how long it takes the output to settle 
to and remain within a certain error band around the final value arid is 
usually specific for full scale range changes. 


Transfer Characteristic 


The Transfer Characteristic is the relationship of the output to the 
input. 


NOTE: 


Refer to Section 9 (Interface Circuits) for an in-depth explanation of 
data converters and their applications. 


[| 
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CONVERTER SELECTOR GUIDES 


oz BITS | ACC. % 


(us) 


INT. | INT. Tee ae ae 
— ef —— 


INES —10[ 010 [80 TX] xx pe xp ep 
NES4i0 | 10 | 0.05 | 025 | [xt oo}; TT XX 8% LSB ONL | 
ises4i0_ | 10 | 005 | 025 | [ xtoof ft ft [xf x | % tsB ONL | 
Mcsaio_ | 10 | 005 | 025 | [xt oof of ot txt x | T% ts8 ON | 
NN 


/AM6012 si +1 | +1 LSBDNL | | +1 LSBDNL | 


TDA1540D ss iS. 012 Serial Input 
+¥2 LSB DNL 


A/D CONVERTERS 


* CONV. | INPUT THREE: PACKAGE Ge 
SPEED STATE | INT. INT. 
hes bial —. % @ pal od tener OUTPUT ae CLOCK polls [ee Toe on | 


N | NE5O34 

Ce 7 I OSS MRR 8S 
jNesos7 | 6 | ore | oo [xt] | x Tk ek 
| Toaissa | 14 | oo | es | jx} | x | x txt tT ot x ff 
_Apcosors | @ | ot | 73 [xi | ox foot x | txt ft « 7 
| Apcoso21 | a | or [ 7s txt Pox foot «x fT txt Pe 7 
| Apcososs | 8 | ot | 73 [xi ot x foot x fT txt ft ey 
pApcosoas | @ | 039 | 73 [xi fo x foot x PT txt Pe tT 
| apcosos-1 [| 8 | o39 | 7a [x] of x | xt x | txt fT « Tf 


Note: 
1. Automotive temperature range: — 40 to + 85°C 
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CMOS 8-BIT A/D CONVERTERS 


DESCRIPTION FEATURES 


The ADCOQ801 family is a series of five CMOS 
8-bit successive approximation A/D convert- 
ers using a resistive ladder and capacitive ar- 
ray together with an auto-zero comparator. Logic levels TTL and MOS compatible 
These converters are designed to operate Can be used with internal or external 
with microprocessor controlled buses using a clock 

minimum of external circuitry. The three-state e Analog input range OV to Voc 

output data lines can be connected directly to e Single 5V supply 

the data bus. e Guaranteed specification with 1MHz 
clock 


Compatible with most microprocessors 
Differential inputs 
Three-state outputs 


The differential analog voltage input allows for 
increased common-mode rejection and pro- APPLICATIONS 
vides a means to adjust the zero scale offset. 
Additionally, the voltage reference input pro- 
vides a means of encoding small analog 
voltages to the full 8 bits of resolution. 


Transducer to microprocessor interface 
Digital thermometer 

Digitally-controlled thermostat 
Microprocessor-based monitoring and 
control systems 


TOP VIEW 


ORDER NUMBERS 


ADC0801/02-1F 
ADC0801/02/03-1 LCF 
ADC 081/02/03/04/05-1 LCN 
ADC0804-1 CN 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL & PARAMETER RATING 
Logic Contro! Input Voltages V 


-0.3 to V 
(Veco +0.3) 


—55 to +125 °C 


=40t0 +85 | 


All Other Input Voltages 


Ta Operating Temperature Range 
ADC0801/02-1 F 
ADC0801/02/03-1 LCF 
ADC0801/02/03/04/05-1 LCN 

ADC0804-1 CN 


Storage Temperature 


°C 
c 


300 °C 


Tste 


Tso.p Lead Soldering Temperature 
(10 seconds) 


Py Package Power Dissipation at T, = 25°C 
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CMOS 8-BIT A/D CONVERTER . —— ADC0804/2/3/4/5-1 


eyceitaaliavelayg 


BLOCK DIAGRAMS 


Vin 


AUTO ZERO. 
COMPARATOR 


+5V Vec 


OUTPUT 
LATCHES 


150pF 
a ge aaa 
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CMOS 8-BiT A/D CONVERTERS ADC0801 /2/3/4/5-4 


DC ELECTRICAL CHARACTERISTICS Vo, = 5.0V, foi, = 1MHz, Tuin<TaSTmax, unless otherwise specified. 


TEST CONDITIONS ADC0801/2/3/4/5 UNIT 


| | Min | Typ | 
Full Scale Adjusted = 


SYMBOL & PARAMETER 


ADC0801 
Relative Accuracy Error (Adjusted) 


ADC0802 . 
Relative Accuracy Error (Unadjusted) 


ADC0803 
Relative Accuracy Error (Adjusted) 


ADC0804 
Relative Accuracy Error (Unadjusted) 


ADC0805 
Relative Accuracy Error (Unadjusted) 


V 
= = 2.500 Voc 


Full Scale Adjusted 


VREF _ 


500 V 
5 = 2.500 Voc 


V 
— = has no connection 


V 
a Input Resistance 


Analog Input Voltage Range 


DC Common Mode Error Over Analog Input Voltage Range 
Se Neg OVS 10% 
CONTROL. INPUTS 
Vi Logical “1” Input Voltage 


ss Veco = 5.25Vpe 
Vi. Logical “O” Input Voltage ek Voc = 4.75Vpc6 
ley Logical “1” Input Current 
ie Logical “O” Input Current | _Vin = OVpe 
CLOCK IN AND CLOCK R 

Vr++ Clk In Positive-Going Threshold Voltage 
Vz- Clk In Negative-Going Threshold Voltage 


Vy -~ Clk In Hysteresis 

(Vr) — (Vr-) 
Vo. Logical “0” Clk R Output Voltage 
Vox Logical “1” Clk R Output Voltage — 
DATA OUTPUT AND INTR 


Vou Logical "0" Output Voltage ee ee ene 
Data Outputs lo. = 1.6MA, Veo = 4.75 Voc 


INTR Outputs lot = 1.0mA, Veco = 4,75 Voc 


Von Logical “1” Output Voltage lon = ~360pA, Veg = 4.75 Voge | 2.4 | 


lon = —10uA, Voc = 4.75 Voc 


ee! 

| ees 

loz,_9-State Output Leakage |Your = Ooo, ES = Logical"s” | -3 | 
feed 

a 

az 


na 
BN 
<j[< 
9 |g 
Oo 10 


loz 3-State Output Leakage Vout = 5Vpc, CS= Logical “1” 


lsc + Output Short Circuit Current Vout = Oy, Ta = 25°C | 4.5 | | | 
Is¢ — Output Short Circuit Current Vout = Veo. Ta = 25°C | 9.0 | 16 ae MApc 


f =1MHz, V = Open 
loc Power Supply Current CLK REF/2 = Op 


CS = Logical “1”, T, = 25°C 


NOTE: 
1. Analog inputs must remain within the range: —0.05 < Vin S Voc + 0.05V. 
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CMOS 8-BIT A/D CONVERTERS ADC08014/2/3/4/5-4 


TEST CONDITIONS | Apco801/2/3/4/5 | /2/3/4/5 


ae = f MHz" 


TO 
CL = 10 me RL = 10K 
See Three-State Test Circuit 
iia 
or RD 
C Three-State Output 
|“OUT —_— Capacitance 


INTR 
ae 
NOTE: | 


1. Accuracy is guaranteed at fo, =1MHz. Accuracy may degrade at higher clock frequencies. 


Preliminary 
AC ELECTRICAL CHARACTERISTICS 


SYMBOL & PARAMETER | vo | FROM 


Conversion Time BS en 


Clock Frequency 
Clock Duty Cycle 


Free-Running Conversion 
Rate ! 


Start Pulse Width / 
Access Time | 


ie) 
ro) 


S = 0, fork = {MHz 


CR 


IN R Tied To WR 


oO 
8 ar 


“NI 
Oo 


ti: 'oH  Three-State Control 


‘wi tat NTR Delay 


Logic Input =Capacitance 


N 
— 
© 
Oo 


=) 
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CMOS 8-BIT A/D CONVERTERS 


ADC0801/2/3/4/5-4 


FUNCTIONAL DESCRIPTION 


The ADCO801 through ADCO805 series of 
A/D converters are successive approximation 
devices with 8-bit resolution and no missing 
codes. The most significant bit Is tested first 
and after 64 clock cycles a digital 8-bit binary 
word Is transferred to an output latch and the 
INTR pin goes low, indicating that conversion 
is complete. A conversion in progress can be 
interrupted by issuing another start command. 
The device may be operated in a continuous 
conversion mode by connecting the INTR and 
WR pins together and holding the CS pin ow. 
To insure start-up when connected this way, 
an external WR pulse Is required at power-up. 


As the WR input goes low, when CS is low, the 
SAR is cleared and remains so as long as 
these two Inputs are low. Conversion begins 
between 1 and 8 clock periods after at least 
one of these inputs goes high. As the conver- 
sion begins, the INTR line goes high. Note that 
the INT line will remain low until 1 to 8 clock 
cycles after either the WR or the CS input (or 
both) goes high. 


When the C5 and FD inputs are both brought 
low to read the data, the [NTH line will go low 
and the three-state output latches are 
enabled. 


THREE-STATE TEST CIRCUITS AND WAVEFORMS 


DATA 
OUTPUT 


tins C.H = 10 pF 


try 


18) 50% 


GND 10% 
aad f= tin 
Vou 
DATA ate 90% 
OUTPUTS 


tr = 20 ns 


ton, CL = 10 pF 


th 


DATA 
OUTPUTS Hi0%: 


ty = 20 ns 


The digital contro! lines (C5, RDB, and WR) 
operate with standard TTL levels and have 
been renamed when compared with standard 
A/D Start and Output Enable labels. For non- 
microprocessor based appilications, the CS 
pin can be grounded, the WR pin can be inter. 
preted as a START pulse pin, and the RD pin 
performs the OE (Output Enable) function. 


The Vin(—) Input can be used to subtract a 
fixed voltage from the input voltage. Because 
there is a time interval between sampling the 
Vin(+) and the V(—) inputs, it is important that 
these Inputs remain constant, during the entire 
conversion cycle. 
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CMOS 8-BIT A/D CONVERTERS ADC0804/2/3/4/5-4 


Preliminary. 


TIMING DIAGRAMS (All timing is measured from the 50% voltage points) 


START 
CONVERSION 
cs 


“BUSY” 


DATA JS VALID IN 
“NOT BUSY” OUTPUT LATCHES 


ACTUAL INTERNAL 
STATUS OF | 
170 8x 1/fCLK INTERNAL Tc 


OF THE 
CONVERTER 
(LAST DATA WAS READ) 


me (LAST DATA WAS NOT READ) 


Sa am” aus? seis Sn sas al; ie Jf INT ASSERTED 


bes 1/2 ToLk 


OUTPUT ENABLE AND RESET INTR 


INTR RESET 


THREE-STATE 


DATA so So i 
OUTPUTS 


tip, toni-— 


Note: Read strobe must occur 8 clock periods (8/f., ,) after assertion of interrupt to guarantee reset of INTR. 
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8-BIT HI-SPEED A/D CONVERTER NE5034 


DESCRIPTION 

The NE5034 is a high-speed micropro- 
cessor-compatible 8-bit Analog-to-Digital 
converter. It uses the successive approx- 
imation conversion technique, and in- 
cludes the comparator, reference DAC, 
SAR, an internal clock and three-state buf- 
fers all on the same chip. 


The converter can accommodate a wide 

analog input voltage range, bipolar or 
' unipolar, selectable through external 
input resistors. An external capacitor con- 
trols the internal clock frequency, pro- 
viding conversion times down to 17us. 
Faster conversion times are possible 
using an external clock. 


Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 


ABSOLUTE MAXIMUM RATINGS 


Vec+ Positive supply voltage 
Vcec- Negative supply voltage 
lReF Reference current 


lin Analog input current 
Vo Data output voltage 
Analog GND to Digital GND 
Vi Logic input voltage 
Pp Power dissipation 
F package 
Ta Operating temperature range 


Tstg Storage temperature range 
Tsovo 


BLOCK DIAGRAM 


PARAMETER RATING UNIT 


Lead soldering temperature (10 seconds) 


FEATURES PIN CONFIGURATION 

e 8-bit resolution and accuracy 

e Accepts unipolar or bipolar inputs 

e Three-state output buffers for easy F PACKAGE 
microprocessor interface 

¢ Choice of internal or external clocking DBO (LSB) [1 | 

e¢ Short conversion time, 17s typical 
using internal clock 


APPLICATIONS 

e All microprocessor-based monitoring 
and control systems requiring analog 
signal inputs. 

¢ Typical applications include: 
Automated process control, machine 
tools, robots, test and measurement 
instruments, environmental controls 

e Other applications include: TOP VIEW 
Ratiometric A/D conversion, very high 
resolution A/D conversion systems ORDER NUMBERS 
requiring high speed 8-bit building NE 
blocks 


-1to Vect+ 


1000 
O0to+70 | 

— 65 to + 150 

300 


8-BIT DAC 


9 DIG. GND 
OUTPUT BUFFER 


D DATA READY 
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8-BIT HI-SPEED A/D CONVERTER = | NE5034 


DC ELECTRICAL CHARACTERISTICS + Veo = 5.0V, — Voc = — 12V, 0°C < T, < 70°C unless otherwise specified 


[SYMBOL AND PARAMETER [| __TESTCONDITIONS ‘| _MIN | TYP | MAX [UNIT| 
a _- c REeeRC eR SeaeNREES St be ES 
[Relative accuracyero™® OP SCSC~CSCSSSCSC“Cs‘CS*S*~sSSC*‘“RSC“‘“g SW [USB 
[Veet Positive supply ranges] SCSC~C~CSCSCS |B 8 
La a A 8A 
a a a a a 
Inge = 1.0A, Tax 25°C [eos | 21 [iss 


Power supply rejection® Incr = 1.0 MA, Veg + 4.75 to +5.25V, Vog — 11.4 
to - 12.6V +1/2 | LSB 


/Vin_ Logictinputvoltage(STRTandOe) | ssisi<‘issSsssisi at Pv 
Cc 
a 
ee 
a ST eA A ORE EAL 
Tig _Loglo input current extolock | Swen TSC*d; CTO CYS 
[iy _LogieOinputeurrent @TATendOe) | weOeV | SC* 20 | 100] A 
[iy Logie O input currentext. clock | nmr SC«d 100 | 
eS a S/T as A A Ce 
one 400A, OF = 08V oe 
= Three-state leakage OE = 2.0V, Vo, = OV or 5V 
Fiecs Positive supply current «| —=—S~SCSMeo + Vs Veo tv «TSS; 
[ice Negative supply current «| =o t Voc tev] St 11 | 22 | mA 


NOTES 

1, Relative accuracy Is defined as the deviation of the.code transition points from the ideal code transition points on a straight line drawn from zero scale to full scale of the 
device. 

2. Specifications given in LSBs refer to the weight of the least significant bit at the 8-bit level which is 0.39% of the full scale voltage. 

3. MAX change In full scale. 


AC ELECTRICAL CHARACTERISTICS v+ = +5V,V—- = -12V, T,=25°C 


[__svweot aramweren [ro rrow [rast eovorions Twn [ve Twa [ow 
eT a a a NT 
ae 
os 


P| Stock freq =s00KHe [400 | | | re 
External a pulse width positive/negative as re eee ee 
a Le Ed 
etn emt ainy | “aeneat || sero ee 
tp (out DR) propagation delay | dataready out | @thclock | See Figures | ‘| 700 |__| ns | 


tp (3-state) propagation delay 3-state high See Figure 2 
impedance o/p g 


Te aaa a Le AB 
[datareacynigh [STATIow | See Figures | [700] | ve 


tp (SDR) STRT low to DR high 


NOTE 
1. See description of Set up time”. 
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LINEAR LS! PRODUCTS 


8-BIT HI-SPEED A/D CONVERTER NESO034 


TYPICAL PERFORMANCE CHARACTERISTICS 


INTERNAL CLOCK FREQUENCY vs CONVERSION TIME vs 
EXTERNAL CAPACITOR (CL) CLOCK FREQUENCY 


50 


40 


FREQUENCY (KHz) 


TIME (usec) 
ND ao 
So So 


1 10 100 1000 10,000 100,000 300 400 500 600 700 800 
CAPACITOR (CL) IN pF FREQUENCY (KHz) 


FIGURE 1 


TEST LOAD CIRCUITS 


DATA OUTPUT HIGH 


DATA OUTPUT , 
lin (10.5V) 


10K? abe i‘ 
\ 


@ CLK 500KHz 
TART PULSE 


OE (TR LEVELS) (TTL LEVELS) 


DB (0 TO §) 


tp (3.STATE) 


DATA OUTPUT LOW 


Vec= +5V Vee ta = te = 20ns 
o BATA READY 
10KQ lf 
DATA Mo lw (—0.1¥) 
OUTPUT ~ “=O © ~ Voc (- 12V) 
15pF Iner INz IMA 


© Voc + (+5V) 


——— CLK SOOKHz 
START PULSE DB (0 TO 5) 


= (TTL LEVELS) a 


FIGURE 2 


OE (TTL LEVELS) 
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LINEAR LS! PRODUCTS 


8-BIT HI-SPEED A/D CONVERTER 


NES034 


8th CLOCK 
PULSE 


FIGURE 3 


FUNCTIONAL PIN DEFINITIONS 
DATA READY (DRA) 


This is an output pin used to indicate that 
a conversion is in progress. DR goes to a 
logic ‘‘1” when STRT is at a logic “0”. At 
the completion of a conversion DR returns 
to a logic ‘‘0”. There is a delay (MAX 0.5us) 
from the time DR goes to “0” to the time 
DBO data is valid. 


DB0-DB7 


Eight three-state data outputs each witha 
drive capability of one TTL load. DBO is the 
LSB and DB7 is the MSB. 


OE 

Output enable input. When OE is at a logic 
‘7’ the data outputs assume a high impe- 
dance state. With OE ata logic “0”, data is 
placed on the outputs. Data appearing on 


the outputs is only valid if both OF and DR 
are at logic “0” (see note on DR timing). 


STRT 


This pin is used to reset the converter and 
start anew conversion. A logic “0” applied 
to this pin for a minimum of 400ns will 
reset the converter to a condition with 
DB7 at a logic “1” and all other Data out- 
puts at logic ‘0’. It will also cause DR to 
go to a logic “1” (see timing diagrams for 
delay times). Conversion will start with the 
ist clock pulse after STRT returns to a 
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logic “1” (see notes on set up time re- 
quired). A STRT pulse while a conversion 
is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short-cycle operation.) 


CLK IN 


An external capacitor between this pin 
and ground generates the internal clock 
pulses. (See diagram for clock frequency 
vs capacitor value). In order to synchro- 
nize the internal clock, to the start pulse a 
diode ,(small signal type eg., 1N914) 
should be connected between STRT and 
CLK IN (see Figures 4 and 5). Without this 
diode the start pulse could occur at atime 
which could cause one of the conditions 
described in the Note on “set up” time. 
Applying an external TTL-or MOS-compat- 
ible clock to this pin slaves the NE5034 to 
external clock frequency. In this case, the 
diode is not required but the ‘set up” time 
requirements should be noted. 


BASIC CIRCUIT DESCRIPTION 


The NE5034 is an 8-bit A/D converter which 
incorporates the successive-approxima- 
tion conversion method. Upon receipt of 
the STRT pulse, successive bits, begin- 
ning with the MSB (DB7), are applied to the 
input of the internal 8-bit current output 
DAC by the I7L successive-approximation 
register (SAR) (see Block Diagram). 


The comparator determines whether the 
Output current of the DAC is greater or 
less than the input current converted from 
the unknown analog input voltage through 
an external input resistor. If the DAC out- 
put current is greater, the data latch for 
the trial bit is reset to a ‘0’; if it is less, the 
trial data bit stays at ‘1’. After all the bits 
from DB7 to DBO have been tried, the SAR 
contains a valid 8-bit binary output code 
which accurately represents the unknown 
analog input to within + 1/2 LSB (+ 0.2%). 
This binary output will now remain in the 
SAR until another STRT pulse is applied. 


During the successive-approximation se- 
quence, the DATA READY signal remains 
at ‘1’. Upon completion of the conversion, 
the signal goes to a ‘0’, indicating that 
data is valid and ready. If the OE input is 
left at a ‘0’ during the conversion, the 
DATA OUTPUT shows the conversion se- 
quence (see short cycle section). When 
the OE line is made a logic ‘1’, the output 
buffers will go to a high impedance state 
and will remain so until the OE is returned 
to a ‘0’ state. 


TIMING DESCRIPTION 


The timing diagram shown in Figure 7 
shows the successive trial and decisions 
for each data bit. 


With STRT at a logic “0” the converter is 
reset to a condition with DB7 at a logic 
“1”, DR at a logic 1” and DBO-DB6 at 
logic “0”, 

Conversion starts after STRT returns to a 
logic “1”. Starting with DB7 each bit is 
tried in turn, with the decision point being 
at the time of the positive going edge of 
the clock. Starting with the first positive 
edge after STRT returns to logic ‘1” (see 
note on “set up” time). The 8th positive 
going edge makes the decision on DBO 
(LSB) and also causes DR to return to a 
logic “0” to indicate the conversion is 
complete. (See note on DR timing.) 


SHORT-CYCLE OPERATION 


In applications where less than 8 bits of 
resolution are required the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required 
to perform ‘‘short-cycling”. 


Conversion to X number of bits is com- 
pleted at the end of X+0.5 clock cycles 
(after a start pulse) OR Will still be at a 
logic “1” state. 


OE can be used to 3-state the outputs 
even during short-cycle operation. 


LINEAR LSI PRODUCTS 


8-BIT HI-SPEED A/D CONVERTER NE5034 


BASIC SET-UP DIAGRAM BASIC SET-UP DIAGRAM 
UNIPOLAR INPUT VALUES (0—10V) BIPOLAR INPUT VALUES (+ 10V RANGE) 


EXTERNALCLOCK STAY BATA OUTPUT EXTERNALCLOCK STAT DATA OUTPUT 
(IF USED) PULSE READY ENABLE (IF USED) PULSE READY ENABLE 


ol 
DIGITAL DIGITAL 
OUND 
Cc 


GROUN GROUND 
L 


UNKNOWN ANALOG UNKNOWN ANALOG 


VOLTAGE INPUT VOLTAGE INPUT 


10.0K2 15 


1 REF IN 
R REF =5.0K0 


CL — SEE FIG 1 FOR VALUE CL — SEE FIG 1 FOR VALUE 
Di — IN914 OR SIMILAR Di — 1N914 OR SIMILAR 


CL AND Dt NOT REQUIRED CL AND OI NOT REQUIRED 
IF USING EXTERNAL CLOCK IF USING EXTERNAL CLOCK 


ANALOG + Voc ANALOG 
GROUND GROUND 


FIGURE 4. | | FIGURE 5. 


ANALOG 
INPUT 


FIGURE 6. SUGGESTED ZERO/FULL SCALE ADJUST CIRCUIT 
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LINEAR LS! PRODUCTS. 


8-BiT HI-SPEED A/D CONVERTER 


NE5034 


SET UP TIME 


When using an external clock, the positive 
going edge of the start pulse must be syn- 
chronized to the clock pulse. There is a 
“set up” time of 300ns required between 
the time of the start pulse returning to a 
logic “1” and the next positive going edge 
of the clock. 


If the positive edge of the start pulse 
occurs less than 300ns prior to the posi- 
tive clock edge, one of tiie following con- 
ditions will occur: 


a) The converter recognizes the clock 
pulse and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts, this will be 
indicated by the fact that DR does not 
return to logic ‘‘0’’. In this case a new 
Start pulse will be required. 


DATA READY (DR) TIMING 


After DR returns to a logic “0” indicating a 
conversion is complete there is a time 
delay of 500ns before the data at DBO out- 
put (the Least Significant Bit) is valid. 


ZERO OFFSET (NEGATIVE FULL 
SCALE) CALIBRATION 
PROCEDURES 


1. Apply continuous start pulses to the 


STAT input. 


2. Apply 1/2 LSB in the case of unipolar 
operation, or 1/2 LSB above — FS in the 
case of bipolar operation to the analog 
input. 


3. Observe all data outputs after each 


conversion is completed. 


4, Adjust the potentiometer connected to 
lin (See Figure 6) until the LSB flickers 
between ‘0’ and ‘1’, and all other data 
outputs remain ‘0’ following each con- 
version. 


FULL SCALE (POSITIVE FULL 
SCALE) CALIBRATION: 


1. Apply continuous start pulses to the 
STRT input. 


2. Apply full scale minus 1 1/2 LSB to the 
analog input. 


3. Observe all data outputs after each 
conversion is completed. 


4. Adjust the voltage applied to Vagg jn 
(Figure 4) until the LSB varies between 
‘0’ and ‘1’,,and all other data outputs 
Stay ‘1’ after each conversion. 


NOTE: 
1. Where an input of 1/2 LSB is called for, the voltage is 


FS 
equal to 356 


2. The sequence of calibration should be: 
a. Zero offset 
b. Full scale adjust 
c. Zero offset 
d. Full scale adjust 


OPERATING PRECAUTIONS: 


Analog and digital grounds should have 
separate returns. Noise and jitter on digi- 
tal ground will degrade accuracy unless 
the input is referenced to a ‘clean’ analog 
ground. 


NOTE 
1. OE = Logic "0" 
2. See “Short-Cycle" section 
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FIGURE 7. NE5034 TIMING DIAGRAM 


UNIPOLAR BINARY 
OPERATION: 


A standard connection for a 0 to 10V uni- 
polar binary operation, with Voge jy equal 
to +5 voits, is shown in Figure 4. The 
NE5034 can quantize full scale ranges of 
1V to 10V. It should be noted, however, 
that for smaller full scale ranges, the ac- 
Curacy and speed will degrade. 


The input voltage versus output code rela- 
tionship for unipolar operation is shown in 
Table 1. The full scale range is 2 times 


IREF IN: 


Table 1. Unipolar— Binary 


DIGITAL 
OUTPUT CODE 


MSB LSB 


ANALOG INPUT 


NOTES 1, 2, 3 


FS—1LSB 
FS—2 LSB 
3/4 FS 

1/2 FS+1LSB 
1/2 FS 

1/2 FS—1LSB 
1/4 FS 

1 LSB 

0 


OOOO ~«@A w~A am ow wt 
oOo —~ = © OO - «1 ~~ 
oo0.0o+-O0O0O°O-— — 
oaoooW-ooo =~ — 
ooo+-o0o0$jo =~ — 
eoosaoa0oo - — 
ooeooxH1o0o0c00—- — 
o-0+0+00 4 


Table 2. Bipolar— Offset Binary 


DIGITAL 
OUTPUT CODE 


ANALOG INPUT 


NOTES 1, 3, 4 


+(FS— 1 LSB) 
+ (FS —2 LSB) 
+ (1/2 FS) 

+ (1 LSB) 

0 

~ (1 LSB) 

— (1/2 FS) 
—(FS— 1 LSB) 
~FS 


MSB LSB 


oon = 
oo =a 


1 
{ 
, 
0 
0 
{ 
’ 
0 
0 


o0c00-4PFTF00-—" — 
os-oOo-0+-00-4 


ooo-—- 


COO-,oc=— 
Ooo 

oO 
COO4~Pa008-4 


1 
; 
1 
, 
1 
0 
0 
0 
0 


BIPOLAR (OFFSET BINARY) 
OPERATION: 


A standard connection fora —~5to +5Vor 
- 10 to +10V bipolar operation is shown 
in Figure 5. 


NOTES: 
1. Analog inputs shown are nominal center values of 
code. 
. "FS" is full scale; i.e., 2! (Unipolar mode). 
8 (eg) REF IN 


2 
3. 1 LSB equais (2~ §) 
4, “FS" is full scale; |.¢., lpg iy (Bipolar mode). 


LINEAR LS! PRODUCTS 


DESCRIPTION 


The NE8036 Is an easy to use, low cost, 
successive approximation Analog to Dig)- 
tal converter, fabricated in Bipolar/i*. 
technology, and packaged In a convenient 
8-pin mini dip package. 


With an external reference voitage, the 
NE8036 will accept input voltages be- 
tween OV and Vage. Holding the START 
pin low for at least 8 clock pulses in dura- 
tion will provide the 6-bit result of the con- 
version in a serial format. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Power supply voltage 
Reference voitage 
Analog Input voltage 


Veo 

VReF 

VIN (Analog) 
VIN (Digital) 


OUT Data output pin 


Three-state mode 
Enabled mode 
Analog GND to digital GND 


Agno 
A Operating temperature range 


Tstg Storage temperature range 
tsoig Lead soldering temperature 
Py Power dissipation 

FE package 

N package 


BLOCK DIAGRAM 


FEATURES 


Three-state output buffer for easy 
pProcessor Interfacing 


Fast successive approximation 
converter, 23,.8ec 


TL compatible Inputs and outputs 
Easy Interface to CMOS Processors 


Guaranteed no missing codes over full 
operating range 


Single supply operation, + 5V 
High Impedance analog Inputs 
Positive true binary serial output 


APPLICATIONS 


Temperature control 
uP-based appliances 
Light level monitor 
Electronic toys 
Joystick Interface 
uP/Transducer Interface 


Digital Input voltage (START & CLOCK) 


- 65 to 150 
300 


220 
220 


3-STATE 
cs BUFFER 


Deno CLOCK START 


PIN CONFIGURATION 


FE, N PACKAGE 


TOP VIEW 
ORDER NUMBERS 
NESO36FE, NESO36N 


D® PACKAGE 


TOP VIEW 
ORDER NUMBER 
NE6036D 


NOTES: 

1. SOL-Released In jarge SO package only 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


O DATA OUT 


4-17 


LINEAR LSI PRODUCTS 


6-BIT AID CONVERTER (SERIAL OUTPUT) | 


NESO36 


DC ELECTRICAL CHARACTERISTICS V.¢=5.0V; Vage = 2.0V; Clock = 350kHz; 0°C < T, < 70°C unless otherwise 


specified. Typical values are specified at 25°C. 
| _SYMBOLANDPARAMETER ——|_—sTESTCONDITIONS =| MIN [| TYP | re 


Resolution | 6 
Relative accuracy? 


[Vee Positive supply voltage 
ézg Zero scale offset error? Vrer = 2.0V, Ta= 25°C 
Max change in full scale? | 4.75V <Voo 55.5V 


lin Analog input bias current 0<Viys2.5V : | 
Iner Reference bias current OsVper s2.5V 


Rin Analog input resistance 


Vin Logic ‘1’ input voltage 
Vi ~~ Logic ‘0’ input voltage 
lin Logic ‘1’ input current 
he Logic ‘0’ input current 
lon Logic ‘1’ output current 
lo, Logic ‘0’ output current 
loz Three-state leakage current 
loc Positive supply current 


AC ELECTRICAL CHARACTERISTICS Voc =5.0V; Vpgp = 2.0V; Clock = 350kHz; 0°C < T, < 70°C unless otherwise 


specified. Typical values are specified at 25°C. (Refer to test figures.) 


Conversion time 

Clock pulse width 

Setup time, START to clock® Clock 

Propagation delay® Data out 
tpastate) Propagation delay® Data (3-State) 


NOTES 
1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on the straight line drawn from zero scale to full scale of the 
device. ; 

2. Specifications given in LSB's refer to the weight of the least significant bit at the bit level which is 1.56% of the full scale voltage. 

3. Full scale gain error is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000). 

4. The analog input voltage (Vj) range is from OV to Vagg¢ nominaily, with the output remaining at 111111 even though the input may increase from Vag to Voc. (For optimum 
performance Vp_er can be any value from 1.5V to 2.5V.) 

. The time between the specified reference points on the clock and the output waveforms with the output changing (low to high or high to low). 

. The high to low transition of the START pulse should occur at least 500ns prior to the negative edge of the clock pulse to insure its recognition. The START puise should stay 
high for at least 500ns between conversions to guarantee proper recognition. 
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LINEAR LSI PRODUCTS 


6-BIT A/D CONVERTER (SERIAL OUTPUT) 


CIRCUIT DESCRIPTION 


NE5036 is a complete 6-bit, serial output, 
A/D converter which incorporates the suc- 
cessive approximation method. The chip 
includes the internal control logic, the 
successive approximation register (SAR), 
6-bit DAC, comparator and the output buf- 
fer. An externally generated clock source 
(max freq=350 kHz) must be provided to 
pin 6. An external reference voltage sup- 
plied to pin 2 sets the full scale range of 
the A/D converter as shown in the Block 
Diagram. 


Upon the START pin going low, suc- 
cessive approximation conversion com- 
mences after the first low going edge of 
the clock pulse. Successive bits, begin- 
ning with the MSB (D5) are applied to the 
input of the internal 6-bit current output 
DAC by the I?L successive approximation 
register. 


The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voitage 
through the V/I converter. If the DAC out- 
put is greater, that bit of the DAC is set to 


0 and simultaneously the output buffer 
goes to 0. If it is less, that bit stays at 1 
and the output buffer goes to 1. After the 
second high to low transition of the clock 
pulse, the MSB (D5) data is valid. On suc- 
cessive clock pulses, successive bits are 
tried and the output buffer represents that 
bit. START has to stay low for at least 8 
clock pulses for the conversion to be com- 
pleted and to access the 6-bit result of the 
conversion. A conversion in process can 
be interrupted by issuing another START 
pulse. 


When START is in a high state, the output 
buffer is in a high impedance state. 


The timing diagram for the device is 
shown in Figure 1. 


TRANSFER CHARACTERISTICS 


The NE5036 is designed to have a nominal 
1/2 LSB offset, so that the code transition 
points are located 1/2 LSB on either side 
of the exact analog input for a given code. 
Thus the first transition (000000 to 000001) 
will occur at an input of 1/2 LSB (15.63mV 
with a Vper Of 2.0V), plus any offset. Sub- 
sequent transition (to full scale — 111111) 


TIMING DIAGRAM 


cok f | [LPF LI LILI LILI LILI LI 


HIGH 


IMPEDANCE 


DATA 
DB5 DB4 


MSB 


DB3 


DB2 DB1 DBO 


LSB 


Figure 1 


NES5036 


will occur at 62.5 LSB (1.953V at Veer of 
2.0V). 


The ideal transfer characteristic of 
NE5036 is shown in Figure 2. 


LAYOUT PRECAUTIONS 


Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 
should be connected together as close to 
the device as possible for optimum perfor- 
mance. The leads to the analog inputs 
should be kept as short as possible to 
minimize input noise pickup. Input bypass 
capacitors from the analog inputs to 
ground will eliminate noise pickup. Power 
supplies should be decoupled with at 
least 1nF and should be located close to 
the device to minimize the effects of noise 
spikes on Vcc. 


The reference input and the analog volt- 
age input must both remain stable during 
conversion to insure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance at these inputs at or below 
2K-ohms. 


IDEAL TRANSFER 
CHARACTERISTICS 


114111 
111110 
111101 
111100 


VREF 


a LSB = 64 


FOR 111111 OUTPUT 
r— Vin = Vrer — LSB — 1/2 LSB 
BUILT-IN OFFSET 


7 62.5 
=62.5LSB= “4 VReF 


000011 
000010 


DIGITAL OUTPUT CODE 


000001 
000000 


: 


125/2 LS 


ANALOG INPUT 


Figure 2 
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LINEAR LS| PRODUCTS: 


6-BIT A/D CONVERTER (SERIAL OUTPUT) — 


TYPICAL PERFORMANCE CHARACTERISTICS 


ZERO SCALE OFFSET ERROR 
vs TEMPERATURE 


+34 


+ 1/4} -—-—4-—. - tees 


ZS OFFSET ERROR (LSB’s) 
Ht 
S 


25 50 75 


Ta (°C) 


FULL SCALE GAIN ERROR 
vs TEMPERATURE 


22 
Vec = 5.0V 
Vrer = 2.0V 
io 2 1-1/2 
n 
si 
x 
O 
x +1 
ae 
Ww 
< 
4 
Oo +112 
< 
ue 
0 25 50 75 
Ta (°C) 
lo, vs TEMPERATURE 
(DATA OUTPUT) 
z Voc = 4.75V 
S { _ 
Pd 
£ 
lou @ Vor. =0.4Vpc 
i eeetegeeales iced EO ba te 
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ZERO SCALE OFFSET ERROR 
VS Voc 


Z°S OFFSET ERROR (LSB’s) 


FeS GAIN ERROR (LSB’s) 


fou (mA) 


0 
4.75 5.0 5.25 5.5 
Voc (VOLTS DC) 


FULL SCALE GAIN ERROR 
vs Vec 


4.75 5.0 §.25 5.5 
Voc (VOLTS DC) 


low Vs TEMPERATURE 
(DATA OUTPUT) 


lon & Von =2.4Voc 
en es 


0 25 50 75 
Ta (°C) 


NE5036 


ZERO SCALE OFFSET ERROR 
VS Vrer 


Z°S OFFSET ERROR (LSB’s) 


FeS GAIN ERROR (LSB’s) 


Icc (mA) 


+ 
2 
B 


+ 1/2 


+ 1/4 


0 
1.5 2.0 2.5 
Vrer (VOLTS DC) 


FULL SCALE GAIN ERROR 
vs Rrer 


Veco =5.0V 


Vrer (VOLTS DC) — 


loc v8 TEMPERATURE 


LINEAR LSI PRODUCTS 


6-BIT A/D CONVERTER (SERIAL OUTPUT) 


NE5036 


AC TEST CIRCUITS AND WAVEFORMS 


PROPAGATION DELAY TIME t, (pata) 


DATA OUTPUT (LOW TO HIGH) 


DATA 
® output 


Voom +5V © 


Vrer= +2V 0 START (TTL LEVELS) 


Vin (ADJ.) © () 360kHz CLOCK 
(TTL LEVELS) 
Aano o 
GND 


50% 


INVALID DATA 


DATA OUTPUT (HIGH TO LOW) 


O+ 5V 


Veco +5V 0 


Vaera +2V O START (TTL LEVELS) 
Vin (ADJ.) (ry) 360kHz CLOCK 
(TTL LEVELS) 
Aand 
Dano 


_ tp (3-STATE) 


VALID DATA, ——-_---_————— 
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LINEAR LSI PRODUCTS 


6-BIT AID CONVERTER (SERIAL OUTPUT) - NE5036 


TYPICAL APPLICATION 


1. BASIC NE5036 CONFIGURATION 


Vec , 
VOLTAGE +5V 
REFERENCE 
AF TF 


ty Ag T ; , ican 4.7 uF 


HY 


SERIAL 


8 DATA OUT 
a 3 7 
ANALOG INPUT START 
EXTERNAL 
6 CLOCK 


2. DIGITAL COMMUNICATIONS USING NE5036 


TRANSDUCER 


SERIAL DATA 


| NES036 OUTPUT 


i AID 
CONVERTER 


DIA 
ralsTt ae ae 
CONVERTER 
REGISTER NE5018 


REGISTER ACCEPTS SERIAL 
INPUT DATA, FEED D/A 
IN PARALLEL 


ANALOG 


ENCODER! ENCODED SIGNAL OUT 


TRANSMITTER 


RECEIVER/ 
DECODER 


DECODED ANALOG . 
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LINEAR LS! PRODUCTS 


a raat eS a Me eer ORNATE 


_S-BIT AID CONVERTER (PARALLEL OUTPUTS) ___NESOS7_ 


DESCRIPTION Easy interface to CMOS Processors PIN CONFIGURATION 


The NE5037 is a low cost, complete suc- ° Fast conversion— 9x8 D, F, N PACKAGE 
cessive approximation analog to digital ¢ Guaranteed no missing codes over full | a 
(A/D) converter, fabricated in Bipolar/i#L temp range tra DBs (MSB) 
technology. With an externa! reference Single supply operation, + 5V 
voltage, the NE5037 will accept input volt- « positive true binary outputs 

ages between OV and Vpe_r. An external 
START pulse of at least 300ns in duration 
will provide the 6-bit result of the conver- 


High impedance analog inputs 


sion in parallel format. Full conversion APPLICATIONS 
with no missing codes occurs in Qus. * Temperature control 
e »P-based appliances 
FEATURES ¢ Light level monitors 
¢ Head position sensing 
¢ T?L compatible inputs and outputs * Electronic toys 
e Three state output buffer e Joystick interface TCE YEN 


ORDER NUMBERS 
NE5037F, NE5037N 
NE5037D 


ABSOLUTE MAXIMUM RATINGS 


Voc Power supply voltage 
Veer Reference voltage 
Vin(Analog) Analog input voltage 
Vin (pigitay Digital input voltage (CS, OE, START, CLK) 
Data outputs (DBO to DBS) 
Threé-state mode 
Enabled mode (each output) 


End of conversion Voc 
Analog GND to digital GND +1 
Operating temperature range 0 to 70 
Storage temperature range — 65 to 150 
Lead soldering temperature (10 seconds) 300 
Power dissipation 

F package 220 

N package 220 


BLOCK DIAGRAM 


7 8 
O O 


START CS 
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LINEAR LSI PRODUCTS 


6-BIT A/D CONVERTER (PARALLEL OUTPUTS) | 


NE5037 


DC ELECTRICAL CHARACTERISTICS V.¢=5.0V; Vag = 2.0V; Clock = 1MHz; 0°C = T, s 70°C unless otherwise 
specified. Typical values are specified at 25°C. 


_ SYMBOL AND PARAMETER 


Resolution 
Relative accuracy’ 


Voc Positive supply voltage 


éeg Full scale gain error?34 
éyg Zero scale offset error? 


Power supply rejection 
Max change in full scale* 


lj ~—s- Analog Input bias current 
lnmer Reference bias current 
Rin Analog Input resistance 


Viy Logic ‘1’ Input voltage 
Vi Logic ‘0’ Input voltage 
I4 Logic ‘1’ input current 
he Logic ‘0’ Input current 
loy Logic ‘1’ output current® 

lo, Logie ‘0’ output current® 

loz Three-state leakage current 
loc ~=—- Positive supply current 


Psp 


_TEST CON DITIONS 


Vrer = 2.0V, Ta = 26°C 
Vrer = 2.0V, Ta= 25 °C 
Vrer= 2.0V 
4,76V s Veco §.5V 


Os Vij 3 2.5V 
Os Vrer s2.5V 


AC ELECTRICAL CHARACTERISTICS V.¢=5.0V; Vace = 2.0V; Clock = 1MHz;0°C s T, s 70°C unless otherwise 
ae Typical values are specified at a5°e. (Refer to AC test figures. ) 


SYMBOL AND PARAMETER | 
uns Maximum clock frequency 


~ Start pulse width 


Minimum positive/negative 
clock pulse width 


Conversion time 
Propagation delay® 
Propagation delay’ 
Propagation delay, 3-state 


| Tconv 

| tp (OUT DATA) 
tp (oUuT EOC) 
tp (3-STATE) 

NOTES 


Ta = 25°C, t= ths 20ns 


EOC 
3-State Data 


Ta= 25°C, t,= tys20n8 
Ta= 25°C, t-=t;s 20ns 


1. Relative accuracy Is defined as the deviation of the code transition points from the ideal code transition points on @ straight !ine drawn from zero scale to full scale of the 


device. 


2. Specifications given in LSB’s refer to the weight of the least significant bit at the 6 bit level which is 1.56% of the full scale voltage. 


3. Full scale gain error is the deviation of the full scale code transition point (111110 to 111111) from Its ideal value. 


4. The analog input voltage (Vj) range Is OV to Vagr nominally, with the output remaining at 111111 even though the input may Increase from Vrer to Voc. (For optimum perfor- 


mance, VRer can be any value from 1.5V to 2.5V.) 


ao om 


. The data outputs have active pull-ups. The EOC line is open collector with a nominal 5kQ Internal pull-up resistor 
. Propagation delay of data outputs is defined as the delay in the data outputs reading their final value after the low going edge of OE. 


7. Propagation delay of EOC is defined as the delay in EOC going low, following the low going edge of the 9th clock pulse after the start pulse. 


CIRCUIT DESCRIPTION 


NE5037 is a complete 6-bit, parallel out- 
put, microprocessor compatible, A/D con- 
verter which incorporates the successive 
approximation method. The chip includes 
the internal contro! logic, the successive 
approximation register (SAR), 6-bit DAC, 
comparator and output buffers. An exter- 
nally generated clock source (max fre- 
quency = 1MHz) must be provided to pin6. 
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An external reference voltage supplied to 
pin 2 sets the full scale range of the A/D 
converter. 


The CS pin must be at a low level prior to 
the start of the conversion process. Upon 
receipt of a START pulse the internal con- 
trol logic resets the SAR. On the first low 
going edge of the clock pulse, successive 
approximation conversion commences. 
Successive bits beginning with the MSB 


(D5) are supplied to the input of the inter- 
nal 6-bit current output DAC by the I@L 
successive approximation register. 


The comparator determines whether the 
output current of the DAC is greater or 
less than the input current, converted 
from the unknown analog input voitage 
through the V/I converter. If the DAC out- 


-put is greater, that bit of the DAC is set to 


‘0’ and simultanevuusry the corresponding 
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output buffer goes to ‘0’. If it is less, that 
bit stays at ‘1’ and the output buffer also 
stays at ‘1’. On successive clock pulses, 
successive bits of the DAC are tried and 
the corresponding output buffer repre- 
sents the bits of the DAC. On the eighth 
low going edge of the clock pulse (after 
the receipt of the start pulse). The EOC pin 
goes low, thereby indicating that the con- 
version is complete. The output data is 
now valid. In order to access the result of 
the conversion, the OE pin must be set to 
a low level. EOC is reset to a high state 
when OE is low. When OE is in a ‘1’ state, 
the output buffers are in a high impedance 
state. 


Refer to Figure 1 for the timing diagram. 


KALA 
ROX 


OUTPUTS 


CXR TU OT, 
SRO DON'T CARE 550 


TRANSFER CHARACTERISTICS 


The ideal transfer characteristic of the 
NE5037 is shown in Figure 2. 


The NE5037 is designed to have a nominal 
Ye LSB offset so that the code transition 
points are located 2 LSB on either side of 
the exact analog inputs for a given code. 


Thus the first transition (000000 to 000001) 
will occur at an input of % LSB (15.63mV 
with a Veer of 2.0V). Subsequent transi- 
tions will occur at nominal increments of 
1 LSB. The last transition (to full scale— 
111111) will occur at 62.5 LSB (1.953V at 
Vrer Of 2.0V). 


LAYOUT PRECAUTIONS 


Analog ground (pin 4) and Digital ground 
(pin 5) are not connected internally and 


TIMING DIAGRAM 


HIGH 
IMPEDANCE 


DATA J 


READY 


AVAILABLE 
AT OUTPUT 


Figure 1 
IDEAL TRANSFER CHARACTERISTICS 


111111 


114110 


ra 
rc 
ra 


r 

pi tse= Gee 
FOR 111111 OUTPUT 

r— Vin = Vrer - LSB - 1/2 LSB 


i BUILT-IN OFFSET 


2. 
=62.5LSB = 923 Vance 


111101 f 
111100 


000011 
000010 
000001 


DIGITAL OUTPUT CODE 


000000 


SB 
SB 


123/2 LSB 
125/2 LSB 


ANALOG INPUT 


Figure 2 
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should be connected together as close to 
the device as possible, for optimum per- 
formance. The circuit will operate with as 
much as +200mV between the two 
grounds but some degradation will occur. 
The leads to the analog inputs should be 
Kept as short as possible to minimize 
noise pickup. Input bypass capacitors 
from the analog inputs to ground will 
eliminate noise pickup. Power supplies 
should be decoupled with at least 1yuF 
located close to the device to minimize 
the effects of noise spikes. 


The reference input and the analog voltage 
input must both remain stable during con- 
version to inSure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance of these inputs at or below 
2K-ohms. 


HIGH HIGH 


IMPEDANCE 


<> IMPEDANCE 


DATA DATA 
AVAILABLE 
AT OUTPUT 
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TYPICAL PERFORMANCE CHARACTERISTICS 


ZERO SCALE OFFSET ERROR vs TEMP ZERO SCALE OFFSET ERROR vs Voc ZERO SCALE OFFSET ERROR vs Vpeg | 
1 er x4 re eds ade ee +t 
Voc =5.0V = | | Var = 2.0V és 
a Vrer = 2.0V A= 25° 2 
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a a ec 
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x fo ie 
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im ff to 
o 
ire u. uu . 
re + 1/4 }-—_—___{-____ 2 = + 1/4 -}-——— ere 
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AC TEST CIRCUITS AND WAVEFORMS 


PROPAGATION DELAY TIME tp (pata) AND tp a.state) 


ta = te =20ns 
tp (DATA) 
ean 90% 90% 
Veo = 5V 0 OE 50% 50% 
Vrer =2V O : 10% 10% 
Vin =2.1V © NE5037 =¥ DATA OUTPUT | : 
; 10k0 a te aoe 


START PULSE © 
(TTL LEVEL) 


| 


i 
1MHz CLK (TTL)@® 4 
co! 


| 

! 

| 

OE (TTL LEVELS) | 
DB (0 TO 5) | 


—>| ee tp (3.STATE) 
a= tp (DATA) 


—>| 
DATA OUTPUT HIGH 
ta=tr=20ns 
Vv 
Vcc = +5V = 90% 
OE 50% 50% 
Vec=5V 0 10K | GND 10% | 
Vrer=2V O \\ | 
Vin= —0.1V 0 NE5037 = DATA QUTPUT | = te | tr 
oa / 15 | 
pF 
4MHz CLK (TTL) @—- a 
START PULSE @ a _ = 


(TTL LEVEL) 


°o 
m 
= 
—+ 
Lo 
F 
m 
< 
m 
re 
2 


—+| - tp (DATA) tp (3-STATE) on a 


PROPAGATION DELAY TIME EOC tp 0c) 


tr = te =20ns 
90% 90% 
Vec= +5V Voc 10% 10% ‘atid 
vereeeUs = ® ® © 
1MHz TTL (CLOCK) 7 
START PULSE 
(TTL LEVEL) 


EOG START 
tw 


= EOC 
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6-BIT A/D CONVERTER (PARALLEL OUTPUTS) — NE5037 


APPLICATION 


e 0 to 63°C Temperature Sensor 


CIRCUIT DESCRIPTION 

The temperature sensor of Figure 3A pro- 
vides an input to Pin 3 of the NE5037 of 32 
millivolts per degree Celsius. This 32mV is 
the value of one LSB for the NE5037. The 
LM334 is a three-terminal temperature 
sensor and provides a current of 1 
microamp for each degree Kelvin. The 
32K-ohm resistor provides the 32 millivolts 
for each microamp through it, while the 
transistor bleeds off 273 microamps of the 
temperature sensor (LM334) current, low- 
ering the reading by 273 degrees Kelvin, PU SOST ease CONTROLLER 
thus converting from Kelvin to Celsius. 


To read temperature, conversion is started 
by sending a momentary low signal to Pin 
7 of the NE5037. When Pin 10 of the 
NE5037 goes low, conversion is complete 6-BIT 
and a low is applied to Pin 9 of the NE5037 DATA BUS 
to read data on Pins 11 through 16. Note 
that this temperature data is in straight 
binary format. 


The controller can be a microprocessor in 
a temperature control application, or 
discrete circuitry in a simple temperature 
reporting application. A temperature Figure 3A. Temperature Sensor 
reporting (digital thermometer) circuit is 
shown in Figure 3B. The ROMs or PROMs 


1/4 
74LS00 


NE5037 
VREF 


2607 
ROM 
OR 
828147 


CLOCK 
(1MHz MAX) 


Figure 3B. Digital Thermometer 


4-28 


LINEAR LS! PRODUCTS 


6-BIT A/D CONVERTER (PARALLEL OUTPUTS) 


NES037 


must have the correct code for converting 
the data from the NE5037 (used as ad- 
dress for the ROMs or PROMs) to the ap- 
propriate segment driver codes. 


The displayed output could easily be con- 
verted to degrees Fahrenheit by the con- 
troller of Figure 3A or through the 
(P)ROMs of Figure 3B. When doing this, a 
third (hundreds) digit (P)/ROM and display 
will, of course, be needed for displaying 
temperatures above 99°F. , 


An inexpensive clock can be made from 
NAND gates or inverters, as shown in 
Figure 3C. 


CIRCUIT ADJUSTMENT 

Adjust VR2 for about 1/4 of maximum 
resistance. With the sensor (LM334) stable 
at a known temperature near the lower end 
of the expected range of temperature 
readings, adjust VR1 for a drop of 2.73 
volts across the (10K) emitter resistor of 
Q1. Set reference voltage at Pin 2 of the 
NE5037 for 2 volts and adjust VR2 for a 
digital reading corresponding to the 
known temperature. 


Because high accuracy is not necessary in 
many applications, this is often all the ad- 
justment necessary and yields an _ in- 
dicated temperature that is within 3 


Figure 3C. Simple Clock Circuit 


degrees Celsius of actual temperature. 
Should higher accuracy be required, ad- 
justment of the NE5037 reference voltage 
at Pin 2 is needed. After performing the 
above adjustments, bring the sensor tem- 
perature to a value near the maximum ex- 
pected reading (but not above 63 degrees 
Celsius) and adjust the reference voltage 
at Pin 2 of the NE5037 for a digital output 
indication of the known temperature. Then 
stabilize the sensor again at a temperature 
near the low end of the expected range of 
readings and adjust VR1 for a digital in- 
dication of that known temperature. This 
procedure will provide an accuracy of + 1 
degree Celsius. 
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DESCRIPTION 

The Am6012 12-Bit multiplying Digital-to- 
Analog converter provides high speed and 
0.025% differential nonlinearity over its 
full commercial temperature range. 


The D/A converter uses a 3-bit segment 
generator for the MSBs in conjunction 
with a 9-bit R-2R diffused resistor ladder 
to provide 12-bit resolution without costly 
trimming processes. This technique guar- 
antees a very uniform step size (up to + 
LSB from the ideal), monotonicity to 12 
bits and integral nonlinearity to 0.05% at 
its differential current outputs. 


The dual complementary outputs of the 
Am6012 increase its versatility, and effec- 
tively double the peak-to-peak output 
swing. Digital inputs, in addition, can be 
configured to accept all popular logic 
families. 


While the device requires a reference in- 
put of imA for a 4mA full scale current, 
operation is nearly independent of power 
supply voitage shifts. The power supply 
rejection ratio is + 0.001% FS/% AV. The 
devices will work from +5, —12V to + 18V 
rails, with as low as 230mW power con- 
sumption typical. 


BLOCK DIAGRAM. 


GND/MSB 


ss Vic 


oO e= 
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FEATURES 

¢ 12-bit resolution 

e Accurate to within +0.05% 

¢ Monotonic over temperature 

e Fast settling time, 250ns typical 
¢ Trimless design for low cost 
e 
e 
e 


PIN CONFIGURATION 


F PACKAGE 


. Differential current outputs 
High-speed multiplying capability 
Full scale current, 4mA (with 1mA 
reference) | 

¢ High output compliance voltage, 
-5to +10V 
e Low power consumption, 230mW 


APPLICATIONS 

CRT displays, computer graphics 
Robotics, and machine tools 
Automatic test equipment 
Programmable power supplies 
CAD/CAM systems 

Data acquisition and control systems 
Analog-to-Digital converter systems 


TOP VIEW 


ORDER NUMBER 
AM6012F 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature 
Am6012F 
Storage Temperature 
Lead Temperature (Soldering, 60 sec) 


Power Supply Voltage | 


Reference Input Current (I,4) 1.25mA 


0°C to + 70°C 
— 65°C to + 150°C 
300°C 


LSB 
Bt B10 B11 B12 
J oe e 

7 8 9 10 11 
ee oe Ba se WI 


| pecover | LOGIC SWITCHES 


CURRENT] 6/6 O 
SWITCHES ~~ 


Ise 9-BIT R-2R 
DIA CONVERTER 


9-SEGMENT. 
GENERATOR 
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ELECTRICAL CHARACTERISTICS: V+ = + 15V, V— = — 15V, Iner=1.0MA, 0°C =< Ta = 70°C 


Parameter Description Test Conditions 


| Resolution 


IOP staat ITAA OPO tt ALORA EOE et EM TRNAS OA REE LITRE RRA ROO EAC ETD 


Monotonicity 


Differential 
Nonlinearity 


9 
= 
‘o 


ae eeewesemen 2 


Deviation from ideal straight line 


Voer= 10.000V 
Ri4- Ris= 10.000kQ 
Ty, = 25°C 


Nonlinearity 


= 
i= 


Full Scale Current 


Full Scaie Tempco 


D.N.L. Specification guaranteed 
over compliance range 
Rout > 10 megohms typ. 


Zero Scale Current 


Output Voitage 
Compliance 


: | 
Oo 
@) 


less 


To +1/2 LSB, all bits ON or OFF, m=25°C | — 
50% to 50% 


i 


Settling Time 


S 


teLH Propagation 

tee Delay — all bits 

Court Output Capacitance 

Vit Logic | Logic “0” 
Input : =e 


{Logic Input Current | “| Vin= —5 to + 18V | 
Vis. Logic Input Swing | V-— = — 15V 


Reference Current 
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Reference Bias Current Wee te ech ek eet atl 


40 
| +18 


| | | 
oS } 
Je | 
| < 
oO 


= 
ip 


| Volts | 


1 m 


- 2.0 


yD 
m 
7 


! 
2 
wi 


di/dt Reference Input Ry 4(eq) = 8002 
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CIRCUIT DESCRIPTION | 

The Am601i2 is a 12-bit DAC which uses 
diffused resistors and requires no trim- 
ming to guarantee monotonicity over the 
temperature range. A segmented DAC 
design guarantees a more uniform step 
size over the temperature range than is 
normally available with trimmed 12-bit 
converters. The converter features differ- 
ential high compliance current outputs, 
wide supply range, and a multiplying ref- 
erence input. 


In many converter applications, uniform 
step size is more important than conform- 
ance to an ideal straight line. Many 12-bit 
converters are used for high resolution 
rather than high linearity, since few trans- 
ducers are more linear than +0.1%. All 
classic binarily weighted converters re- 
quire +1/2 LSB (+.012%) linearity in 
order to guarantee monotonicity, which re- 
quires very tight resistor matching and 
tracking. The Am6012 uses conventional 
bipolar processing to achieve high differ- 
ential linearity and monotonicity without 
requiring correspondingly high linearity, 
or conformance to an ideal straight line. 


One design approach which provides 
monotonicity without requiring high lin- 
earity is the MOS switch-resistor string. 
This circuit is actually a full complement 
to a current switched R-2R DAC since it is 
slower, has a voltage output, and if imple- 
mented at the 12-bit level would use 4096 
low tolerance resistors rather than a mini- 
mum number of high tolerance resistors 
as in the R-2R network. Its lack of speed 
and density for 12 bits are its drawbacks. 


With the segmented DAC approach, the 
4096 required output levels are composed 
of 8 groups of 512 steps each. Each step 
group is generated by a 9-bit DAC, and 
each of the segment slopes is determined 
by one of 8 equal current sources. The 
resistors which determine monotonicity 
are in the 9-bit DAC. The major carry of the 
9-bit DAC is repeated in each of the 8 seg- 
ments, and requires eight times lower ini- 
tial resistor accuracy and tracking to main- 
tain a given differential nonlinearity over 
temperature. 


The operation of the segmented DAC may 
be visualized by assuming an input code 
of all zeroes. The first segment current Io 
is divided into 512 levels by the 9-bit 
multiplying DAC and fed to the output, 
lout. AS the input code increases, a new 
segment current is selected for each 512 
counts. The previous segment is fed to 
output loyr where the new step group is 
added to it, thus ensuring monotonicity in- 
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dependent of segment resistor values. All 


higher order segments feed Iquyr. 


With the segmented DAC approach, the 
precision of the 8 main resistors deter- 
mines linearity only. The influence of each 
of these resistors on linearity is four times 
lower than that of the MSB resistor in an 
R-2R DAC. Hence, assuming the same 
resistor tolerances for both, the linearity 
of the segmented approach would actually 
be higher than that of an R-2R design. 


The step generator or 9-bit DAC is com- 
posed of a master and a slave ladder. The 
slave ladder generates the four least signi- 
ficant bits from the remainder of the 
master ladder by active current splitting 
utilizing scaled emitters. This saves ladder 
resistors and greatly reduces the range of 
emitter scaling required in the 9-bit DAC. 
All current switches in the step generator 
are high speed fuily differential switches 
which are capable of switching low cur- 
rents at high speed. This allows the use of 
a binary scaled network all the way to the 
least significant bit which saves power 
and simplifies the circuitry. 


Diffused resistors have advantages over 
thin film resistors beyond simple econ- 
omy and bipolar process compatibility. 
The resistors are fabricated in single 
crystal rather than amorphous material 
which gives them better long term stabili- 
ty and tracking and much higher moisture 
resistance. They are diffused at 1000°C 
and so are resistant to changes in value 
due to thermal and chemical causes. Also, 
no burn-in is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, 
and no sandwich metals are required to 
enhance or protect the contact or limit 
alloying. The initial match between two 
diffused resistors is similar to that of thin 
film since both are defined by photomasks 
and chemical etching. Since the resistors 
are not trimmed or altered after fabrica- 
tion, their tracking and long term char- 
acteristics are not degraded. 


DIFFERENTIAL vs INTEGRAL 
NONLINEARITY 


Integral nonlinearity, for the purposes of 
the discussion, refers to the “straight- 
ness” of the line drawn through the indi- 
vidual response points of a data converter. 
Differential nonlinearity, on the other 
hand, refers to the deviation of the spac- 
ing of the adjacent points from a 1 LSB 
ideal spacing. Both may be expressed as 
either a percentage of full scale output or 


as fractional LSBs or both. The graphs in 
Figure 1 define the manner in which these 
parameters are specified. The left graph 
shows a portion of the transfer curve of a 
DAC with 1/2 LSB INL and the (implied) 
DNL spec of 1LSB. Below this is a graphic 
representation of the way this would ap- 
pear on aCRT screen where the Am6012 is 
used as a display driver. On the right is a 
portion of the transfer curve of a DAC 
specified for 2LSB INL with 1/2 LSB DNL 
specified and the graphic display below it. 


One of the characteristics of an R-2R DAC 
in standard form is that any transition 
which causes a zero LSB change (i.e. the 
same output for two different codes) will 
exhibit the same output each time that 
transition occurs. The same holds true for 
transitions causing a 2LSB change. These 
two problem transitions are allowable for 
the standard definition of monotonicity 
and also allow the device to be specified 
very tightly for INL. The major problem 
arising from this error type is in A/D con- 
verter implementations. Inputs producing 
the same output are now represented by 
ambiguous Output codes for an identical 
input. Also, 2LSB gaps can cause large er- 
rors at those input levels (assuming 1/2 
LSB quantizing levels). It can be seen from 
the two figures that the DNL specified D/A 
converter will yield much finer grained 
data than the INL specified part, thus im- 
proving the ability of the A/D to resolve 
changes in the analog input. 


ANALOG OUTPUT CURRENTS 
Both true and complemented output sink 
currents are provided where Io+lo= Iep. 
Current appears at the “true” output when 
a ‘‘1” is applied to each logic input. As the 
binary count increases, the sink current at 
pin 18 increases proportionally, in the 
fashion of a “positive logic’ D/A con- 
verter. When a “0” is applied to any input 
bit, that current is turned off at pin 18 and 
turned on at pin 19. A decreasing logic 
count increases I as in a negative or in- 
verted logic D/A converter. Both outputs 
may be used simultaneously. If one of the 
outputs is not required it must still be con- 
nected to ground or to a point capable of 
sourcing Ira; do not leave an unused out- 
put pin.open. 


Both outputs have anextremely wide voit- . 
age compliance enabling fast direct 
current-to-voltage conversion through a 
resistor tied to ground or other voltage 
source. Positive compliance is 25V above 
V— and is independent of the positive 
supply. Negative compliance is +10V 
above V-. 
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DIFFERENTIAL LINEARITY COMPARISON 


D/A CONVERTER WITH 
+1/2 LSB INL, +1 LSB DNL 


+ 1/2 LSB 
LIMIT 
C] IDEAL OUTPUTS 
mw ACTUAL OUTPUTS 
2 LSB CHANGE ON 
X011 — X100 
TRANSITION 


SEGMENT 
OF 12-BIT 
DAC TRANSFER 
CURVE FOR: 
INL= + 1/2 LSB 
DNL = +1LSB 


——NO CHANGE ON 
XX01 — XX10 TRANSITION 


ANALOG OUT ——» 


0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 


DIGITAL INPUT 


VIDEO DEFLECTION BY DACs 
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ANALOG OUT -——> 


DiA CONVERTER WITH 
+2LSBINL, +1/2 LSB DNL 


SEGMENT 
CHANGE 


[2 IDEAL OUTPUTS 
B® ACTUAL OUTPUTS 


# SEGMENT OF 12-BIT DAC 
TRANSFER CURVE FOR: 
INL= +2 LSB 
ONL = + 1/2 LSB 


0010 0100 01106 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 O001 


DIGITAL INPUTS 


VIDEO DEFLECTION BY DACs 
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ENLARGED “POSITIONAL” OUTPUTS 


The dua! outputs enable double the usual 
peak-to-peak load swing when driving 
loads in quasi-differential fashion. This 
feature is especially useful in cable driv- 
ing, CRT deflection and in other balanced 
applications such as driving center-tapped 
coils and transformers. 


POWER SUPPLIES 

The Am6012 operates over a wide range of 
power supply voltages from a total supply 
of 20V to 36V. When operating with V—- 
supplies of — 10V or less, Ipee = 1mA is 
recommended. Low reference current 
operation decreases power consumption 
and increases negative compliance, refer- 
ence amplifier negative common mode 


Figure 1 


range, negative logic input range, and 
negative logic threshold range; consult 
the various figures for guidance. For ex- 
ample, operation at —9V with Ipee=1MA 
is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies 
is possible, however at least 8V total must 
be applied to insure turn-on of the internal 
bias network. 


Symmetrical supplies are not required, as 
the Am6012 is quite insensitive to varia- 
tions in supply voltage. Battery operation 
is feasible as no ground connection is re- 
quired; however, an artificial ground may 
be used to insure logic swings, etc. remain 
between acceptable limits. 


ENLARGED “POSITIONAL” OUTPUTS 


a 


TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity 
specifications of the Am6012 are guaran- 
teed to apply over the entire rated 
operating temperature range. Full scale 
output current drift is tight, typically 
+ 10ppm/°C, with zero scale output cur- 
rent and drift essentially negligible com- 
pared to 1/2 LSB. 


The temperature coefficient of the refer- 
ence resistor R14 should match and track 
that of the output resistor for minimum 
overall full scale drift. 


SETTLING TIME 
The Am6012 is capable of extremely fast 
settling times, typically 250ns at 
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lnee = 1.0MA. Judicious circuit design and 
careful board layout must be employed to 
Qbtain full performance potential during 
testing and application. Tne logic switch 
design enables propagation delays of only 
25ns for each of the 12 bits. Settling time 
to within 1/2 LSB of the LSB is therefore 
. 25ns, with each progressively larger bit 
taking successively longer. The MSB set- 
tles in 250ns, thus determining the overall 
settling time of 250ns. Settling to 10-bit 
accuracy requires about 90 to 130ns. The 
output capacitance of the Am6012 in- 
cluding the package is approximately 
20pF; therefore, the output RC time con- 
stant dominates settling time if R, > 
5002. 


Settling time and propagation delay are 
relatively insensitive to logic input ampli- 
tude and rise and fall times, due to the 
high gain of the logic switches. Settling 
time also remains essentially constant for 
lace Values down to 0.5mA, with gradual 
increases for lower lper values lies in the 
ability to attain a given output level with 
lower load resistors, thus reducing the 
output RC time constant. 


Measurement of settling time requires the 
ability to accurately resolve + 2yA, there- 
fore a2.5kQ load is needed to provide ade- 
quate drive for most oscilloscopes. At Iper 
values of less than 0.5mA, excessive RC 
damping of the output is difficult to pre- 
vent while maintaining adequate sensi- 
tivity. However, the major carry from 
011111111111 to 100000000000 provides 
an accurate indicator of settling time. This 
code change does not require the normal 
6.2 time constants to settle to within 
+ 0.1% of the final value, and thus settling 
times may be observed at lower values of 


IREF: 


Am6012 switching transients or “glitches” 
are very low and may be further reduced 
by small capacitive loads at the output at a 
minor sacrifice in settling time. 


Fastest operation can be obtained by us- 
ing short leads, minimizing output capaci- 
tance and load resistor values, and by ade- 
quate bypassing at the supply, reference, 
and V,c¢ terminais. Supplies do not require 
large electrolytic bypass capacitors as the 
supply current drain is independent of in- 
put logic states; 0.inF capacitors at the 
supply pins provide full transient protec- 
tion. 


APPLICATIONS INFORMATION 


REFERENCE AMPLIFIER SETUP 
The Am6012 is a multiplying D/A converter 
in which the output current is the product 
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of a digital number and the input reference 
current. The reference current may be 
fixed or may vary from nearly zero to 
+ 1.0mA. The full range output currentisa 
linear function of the reference current 
and is given by: 


, 4095 
FR 4096 


where leer = 144 


x 4X (IRer) = 9.999 Ire, 


In positive reference applications, an ex- 
ternal positive reference voltage forces 
current through R14 into the Ver, ter- 
minal (pin 14) of the reference amplifier. 
Alternatively, a negative reference may be 
applied to Vagr_) at pin 15. Reference cur- 
rent flows from ground through R14 into 
Vrer+) as in the positive reference case. 
This negative reference connection has 
the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 
is equal to and tracks the voltage at pin 15 
due to the high gain of the internal refer- 
ence amplifier. R15 (nominally. equa! to 
R14) is used to cancel bias current errors. 
(Figure 2a) 


Bipolar references may be accommodated 
by offsetting Vacr or pin 15. The negative 
common-mode range of the reference 
amplifier is given by: Voy. =V-— *plus 
(Iner X 3kQ) plus 1.8V. The positive 
common-mode range is V+ less 1.23V. 


When a DC reference is used, a reference 
bypass Capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. if a regulated power supply is 
used as a reference, R14 should be split 
into two resistors with the junction by- 
passed to ground with a 0.14F capacitor. 


For most applications the tight relation- 
ship between Iper and I¢g will eliminate 
the need for trimming Iper. If required, full 
scale trimming may be accomplished by 
adjusting the value of R14, or by using a 
potentiometer for R14. 


MULTIPLYING OPERATION 

The Am6012 provides excellent multiply- 
ing performance with an extremely linear 
relationship between lrg and Iper over a 
range of 1mA to 1nA. Monotonic operation 
is maintained over a typical range of Iper 
from 100zA to 1.0mA. 


REFERENCE AMPLIFIER 
COMPENSATION FOR 
MULTIPLYING APPLICATIONS 


AC reference applications will require the 
reference amplifier to be compensated using 


Am6012 


a capacitor from pin 16 to V --. The value of 
this capacitor depends on the impedance pre- 
sented to pin 14. For R14 values of 1.0, 2.5 
and 5.0kQ; minimum values of Co are 5, 12 
and 25pF. Larger values of R14 require pro- 
portionately increased values of Cc for proper 
phase margin. (See Figure 2b) 


For fastest response to a pulse, low 
values of R14 enabling small C, values 
should be used. If pin 14 is driven by a 
high impedance such as a transistor cur- 
rent source, none of the above values will 
suffice and the amplifier must be heavily 
compensated which will decrease overail 
bandwidth and slew rate. For R14=1k0 ~ 
and Cco=5pF, the reference amplifier 
slews at 4mA/ms enabling a transition. 
from Ipee = 0 to Ince = IMA in 250ns. 


Operation with pulse inputs to the refer- 
ence amplifier may be accommodated by 
an alternate compensation scheme. This 
technique provides lowest full scale tran- 
sition times. An internal clamp allows 
quick recovery of the reference amplifier 
from a cutoff (I_p¢e=0) condition. Full 
scale transition (0 to 1mA) occurs in 
62.5ns when the equivalent impedance at 
pin 14 is 8000 and C.=90. This yields a 
reference siew rate of 8mA/us which is 
relatively independent of Riy and Vin 
values. 


LOGIC INPUTS 

The Am6012 design incorporates a unique 
logic input circuit which enabies direct in- 
terface to all popular logic families and 
provides maximum noise immunity. This 
feature is made possible by the large input 
swing Capability, 40yA logic input current, 
and completely adjustable logic threshold 
voltage. For V— = — 15V, the logic inputs 
may swing between ~ 5 and + 10V. This 
enables direct interface with + 15V CMOS 
logic, even when the Am6012 is powered 
from a +5V supply. Minimum input logic 
swing and minimum logic threshold volt- 
age are given by: V— plus (Iper x 3kQ) plus 
1.8V. The logic threshold may be adjusted 
over a wide range by placing an appropri- 
ate voltage at the logic threshold control 
pin (pin 13, V,¢). For TTL interface, simply 
ground pin 13. When interfacing ECL, an 
Ince = IMA is recommended. For inter- 
facing other logic families, see block titled 
“Interfacing With Various Logic Families.” 
For general setup of the logic control cir- 
cuit, it should be noted that pin 13 will 
sink 1.1mA typical, external circuitry 
should be designed to accommodate this 
current (Figure 3). 
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REFERENCE AMPLIFIER BIASING 


Am6012 


REFERENCE 
> 


lot+lo=lFs 


Ris = Ry {| Rin ’ FOR ALL INPUT CODES 


Vin -——————O 


22uF TANTULUM 
= (NOTE 5) 


Reference Configuration lRer 
Positive Reference O1nF V_4/Rig 
Negative Reference O1pF —Vp_/Ri4 


Lo Impedance Bipolar (Note 1) (Va 4/Ry4) + (Vin/Rin) 
Reference . (Note 2) 


Reference (Note 3) . 
Pulsed Reference (Note 4) : (Va 4/Ry4) + (VinéRin) 


Notes: 
1. The compensation capacitor is a function of the impedance seen at the + Vper input and must be at least 5pF x Ry4(eq) iN k2. For Ryq4 < 8002 no capacitor is 
necessary. 
. For negative values of Vin, Va 4 /Ry4 must be greater than — Vix Max/Riy So that the amplifier is not turned off. 
. For positive values of Vin, Va 4 must be greater than Vj, Max so the amplifier is not turned off. 
. For pulsed operation, Va, provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less. 
. For optimum settling time, decouple V— with 200 and bypass with 22uF tantulum capacitor. . 
. Reference current and reference resistor — there is a 1 to 4 scale factor between the reference current (Iperf) and the full scale output current (Ips). If Vag = +10V and 
Irs = 4mA, the value of the Ry4 is: 


_ 4x 10 Volt 
4mA 


Hi Impedance Bipolar (Note 1) (Vay — Vin/Ri4 


R44 = 10k2 Ry4=Fy5 


Figure 2a 


MINIMUM SIZE REFERENCE AMPLIFIER 
COMPENSATION CAPACITOR FREQUENCY RESPONSE 


(lps = 4mA, Ipe¢ = 1.0MA) 6 
Pt tT TTL Ria eq) 2ke] 
itty TT [Sc tOpr OT 
eter eee Se eet aL 2) 
oe a ee 
peel li 1) 


RELATIVE OUTPUT, dB 


Note: A 0.01nF capacitor is recommended for fixed reference operation. FREQUENCY, MHz 
Figure 2b 
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ag 


INTERFACING CIRCUITS FOR ECL, CMOS, HTL LOGIC INPUTS 


CMOS, HTL 


O +15V 


2N3904 


2N3904 


TO PIN 13 
Vic 


NOTES: 
1. Set the voltage “A” to the desired logic input switching threshold. 
2. Allowable range of logic threshold is typically —5V to + 13.5V when operating the DAC on + 15V supplies. 


Figure 3 


ACCOMMODATING BIPOLAR REFERENCE BASIC NEGATIVE REFERENCE OPERATION 


Vrer(+) 


Am6012 


NOTE: 
Rrer SETS I¢s; R15 1S FOR A 
BIAS CURRENT CANCELLATION. 


Am6012 


RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 


Vrer(+) Rarer 


Rrer = R150 s 


R15 


(OPTIONAL) 45 


Vino 


— 
HIGH INPUT 
IMPEDANCE 


10k2 APPROX. 


Vrer(+) MUST BE ABOVE PEAK POSITIVE SWING OF Vin POT ¥ 5kQ 
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APPLICATION CIRCUITS 


Am6012 LOGIC INPUTS 


5,000k2 2.000mMA 


od 


VREF(+) 


Am6012 Vout 
VREF(—) b 
By 
@ 
OPTIONAL /\ 
(SEE CODE TABLE) 
= VREF MSB LSB ee 
Ria = 1.0mA 
Roce = WREF . 4 
OFF=2-0mA SSS 
Code Format Connections Output Scale pitas Vv 
e ac B2 B3 B4 BS BG B8 B9 B10 B11 B12 OUT 
Straight binary; one Positive full scale 3.999; .0001 9.9976 
polarity with true input Positive full scale — LSB 3.998} .001} 9.9951 
code, true zero output. = R2 = 2.5K | Zero scale 1 .000} 3.999}  .0000 
Unipolar 

Complementary binary; a-g Positive full scale .000| 3.999] 9.9976 
one polarity with b-c Positive full scale — LSB .001] 3.998] 9.9951 
complementary input R1= R2= 2.5K | Zero scale 3.999; .000 .0000 

code, true zero output. 
Straight offset binary; a-c Positive full scale 1 9.9976 
offset half scale, b-d Positive full scale — LSB | 1 9.9927 
symmetrical about zero, f-g (+) Zero scale 1 .0024 
no true zero output. R1=R3= 2.5K | (—) Zero scale 0 ~— .0024 
R2=1.25K | Negative full scale-—-LSB |] 0 - 9.9927 
Symmetrical Negative full scale 0 — 9.9976 
Offset 1’s complement; offset : Positive full scale 0 9.9976 
half scale, symmetrical - Positive full scale —- LSB | 0 9.9927 
about zero, no true zero - (+) Zero scale 0 0024 
output, MSB comple- : (—) Zero scale 1 — .0024 
mented (need inverter R2=1.25K {Negative fullscale — LSB 1 9.9927 
at B1). Negative full scale 1 — 9.9976 
Offset binary; offset half -a- Positive full scale 1 9.9951 
scale, true Zero output. - Positive full scale — LSB | 1 9.9902 
R1i=R2=5K +LSB 1 .0049 
Zero Scale 1 .000 
-LSB 0 — .0049 
Negative full scale + LSB 0 9.9951 
Offset with Negative full scale 0 10.000 
True Zero | 9’s complement; offset e@-a-c Positive full scale 0 9.9951 
half scale, true zero b-g Positive full scale — LSB | 0 9.9902 
output, MSB comple- Ri=R2=5K |+1LSB 0 .0049 
mented (need inverter Zero scale 0 .000 
at B1). ~1LSB 1 - 0.049 
Negative full scale+ LSB 1 9.9951 
Negative full scale 1 10.000 


Figure 4 


ADDITIONAL CODE 
MODIFICATIONS 


1. Any of the offset binary codes may be 
complemented by reversing the output 
terminal pair. 
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APPLICATION CIRCUITS 


CRT DISPLAY DRIVER 


O +120VDC 


60V COMMON 
MODE LEVEL 


“¥” INPUT “v¥” INPUT 


Ood0e0g00gd0 O00 0 ee Oy © Oe OO ONTO Onn Om Om Ome 


lo 
Am6012 7 


NOTES: 1. FULL DIFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE. 
2. ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS. 
3. INDEPENDENT BEAM CENTERING CONTROLS. 


Figure 5 


12-BIT HIGH-SPEED A/D CONVERTER 


SERIAL CONVERSION TIME vs ACCURACY 


DATA OUT 
0 of E SCC Seon ott tah 
‘ cp 2504 SAR 
CLOCK © 
Qii a ae TE Am6012 


VreF ANALOG IN 
(0-10V) 
5.000K R 


2.5kQ 


ACCURACY, LSB 


5.000k : 
100 200 300 400 500 600 700 800 


Am6012 CONVERSION TIME PER TRIAL, ns 
COMP 


OAuk 0.001 | 0.001 CONVERSION WORST | 
Ap pF | uF 
10.000k2 TIME (ns) CASE 


0.01 


Figure 6 
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APPLICATION CIRCUITS 


INTERFACE WITH 8-BIT MICROPROCESSOR BUS 


6 
5 
4 
uP 
Bus } 3 a 
eae 
1 
0 
. 4 
Ey ears 


Q2 
1/21.$100 


1/2 $100 
Q4y 


Ea 


TIMING SEQUENCE 


DBO-3 DB4-11 


DATA REMAINS ON INPUTS OF DAC UNTIL UPDATED BY E2 PULSE. TIMING WILL 
DEPEND ON PROCESSOR USED. 


Figure 7 
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DAC-08 SERIES 


DESCRIPTION 


The DAC-08 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou- 
pled with low cost and outstanding applica- 
tions flexibility. 


Advanced circuit design achieves 7Ons set- 
tling times with very low glitch and at low 
power consumption. Monotonic multiplying 
performance is attained over a wide 20 to 1 
reference current range. Matching to within 1 
LSB between reference and full scale cur- 
rents eliminates the need for full scale trim- 
ming in most applications. Direct interface to 
all popular logic families with full noise 
immunity is provided by the high swing, 
adjustable threshold logic inputs. 


Dual complementary outputs are provided, 
increasing versatility and enabling differential 
operation to effectively double the peak-to- 
peak output swing. True high voltage com- 
pliance outputs allow direct output voltage 
conversion and eliminate output op amps in 
many applications. 


All DAC-08 series models guarantee full 8-bit 
monotonicity and linearities as tight as 0.1% 
over the entire operating temperature range 
are available. Device performance is essen- 
tially unchanged over the +4.5V to + 18V 
power supply range, with 37mW power con- 
sumption attainable at + 5V supplies. 


The compact size and low power consump- 
tion make the DAC-08 attractive for portable 
and military aerospace applications. 


FEATURES 

e Fast settling output current—70ns 

e Full scale current prematched to +1 LSB 

® Direct interface to TTL, CMOS, ECL, 
HTL, PMOS 

e Relative accuracy to 0.1% maximum over 

temperature range 

High output compliance —10V to +18V 

True and complemented outputs 

Wide range multiplying capability 

Low FS current drift—+10ppm/°C 

Wide power supply range—+4.5V to +18V 


APPLICATIONS 

8-bit, Tus A-to-D converters 
Servo-motor and pen drivers 

Waveform generators 

Audio encoders and attenuators 
Analog meter drivers 

Programmable power supplies 

CRT display drivers 

High speed modems 

Other applications where low cost, high 
speed and complete input/output versa- 
tility are required 

e Programmable gain and attentuation 

* Analog-Digital Multiplication 

e Stepping motor drive 


DAC-08 ABSOLUTE MAXIMUM RATINGS 


DAC-08, DAC-08A 
DAC-08C, E, H 
Storage Temperature Range 
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Vs-Vi0 Digital Input Voltage V- to V- plus 36V 
Vic Logic Threshold Control V- toV+ 
Vo Applied Output Voltage V—- to +18 
lia Reference Current 5.0 
Via Vis Reference Amplifier Inputs Veg to Voc 
Pp Power Dissipation (Package Limitation) 

Ceramic Package 1000 

Plastic Package 800 

Lead Soldering Temperature (60 sec) 300 

Ta Operating Temperature Range 


PARAMETER | RATING UNIT 


Power Supply Voltage, V+ to V- 


36 V 


—55 to +125 
Oto +75 
~65 to +150 


Low power consumption—37mW at +5V 


FORMERLY: NE5007/5008-F,N 


SE5008-F 

ORDERING INFORMATION 
RELATIVE . 
ACCURACY 0to70°C ~—55t0125°C 
0.39% FS  DAC-08CN 

DAC-08CF 
0.19% FS  DAC-08EN 

DAC-08EF DAC-08F 

DAC-08ED 
0.1% FS  DAC-O8HF DAC-O8AF 

DAC-08HN 


PIN CONFIGURATION 
F,N PACKAGE 


COMP 
VREF — 
VREF + 
V+ 
B, (MSB) Bg (LSB) 
Bo By 


Bg Bg 
By : Bs 


TOP VIEW 
ORDER NUMBER 


DAC-08AF SE5009F 
DAC-08F SE5008F 
DAC-08HF,N NE5009F,N 
DAC-08CF,N NE5007F,N 


D? PACKAGE 


Ba(LSB) 
By 
Bg 
Bs 
B, 
Bg 
Ba 
B4(MSB) 


TOP VIEW 
ORDER NUMBER 
DAC-08ED 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 
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BLOCK DIAGRAM 


2 id e 6Y 7¥ 8? 9¥ 10¥ 


BIAS 

NETWORK 
CURRENT 
SWITCHES - 


REFERENCE 
AMPLIFIER 


TEST CIRCUIT 


0.01, 7 


SO 

14 . 
| DAC-08 ay 
45 5-12 12 


Figure 1. Relative Accuracy Test Circuit 


o ERROR 


OUTPUT 
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TEST CIRCUITS (Cont'd) 


2.4V 


%in 
0.4V 
+2.0Vdc _ 


4.0V - USE Ry to GND 
: FOR TURN OFF 
O.14F SETTLING TIME MEASUREMENT 


R, = 5000 
A FOR SETTLING TIME L 
MEASUREMENT» P 
e, (ALL BITS 
° SWITCHED Low ts = 70ns TYPICAL 
TO HIGH). TO + 1/2 LSB 


TRANSIENT ° 
RESPONSE 
— 100 


mv tPHL 


L 
PIN 4TO GND 


SLEWING TIME 


Figure 3. Reference Current Slew Rate Measurement 


TYPICAL VALUES Ryq= R45 = 1K 
S Vrer = +2.0V 


C = 15pF V; AND t) APPLY TO INPUTS Ay THROUGH Ag 


Vrer (+) 
THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 


INPUTS 


A 
DIGITAL Ay Ag Ag Ag A Ay A 
° lo =K ered os *% $ Ae, un s} 


Yo 2 4 8 16 32 64 128 256 
OUTPUT 


(+)th 


VI 4 | and Ay #1" IF Ay IS AT HIGH LEVEL 
= Any = “0” IF Ay IS AT LOW LEVEL 


(SEE TEXT FOR VALUES OF C.) 
Figure 4. Notation Definitions 
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ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R,. is returned. 


Voc = + 15V, Ipep = 2.0mA, Output characteristics refer to both IOUT and IOUT unless 
otherwise noted. DAC-08C, E, H: T,=0°C to 70°C. DAC-08/08A: Ty, = — 55°C to 125°C. 
PARAMETER 
Resolution 
Monotonicity* 


: DAC-08E DAC-08H 
oe DAC-08 DAC-08A uisiz 
Relative accuracy Over temperature range 


Differential nonlinearity 


TEST CONDITIONS 


Bits 
Bits 


switched on or off, Ta=0°C 


Propagation delay ns 


tory Low-to-high Ta=25°C, each bit. 


Max 
8 
8 
Lee FS 
+0.19] %FS 
135 
tpHL High-to-low All bits switched io] 


£e 
Ties [Fullscaletempco | 
Voc Output voltage Full scale current change -10 +18 | oe (asa cn aa re V 
compliance <Y% LSB 


8 
8 
t Settling time To +1/2 LSB, all bits a 


lesa Full scale current VREF=10.000V, 1.94 | 1.99 | 2. ot Ba 04/1 ais 1 = Bi 000 mA 
Ri4, R15=5.000k0, 
| Full scale +2.0 | +16 +1.0 | +8.0 +1.0 Eas UA 
FSS 
reer I a i Bd sod Ba 
lZs |Zero scale curfent _ scale curfent Poo 2 }o2 | 40} | 02] 20] | UA 
| Cn R45 = 5.000k2 i 
leop Fullscale output |Vpep= + 15.0V, V— = — 10V} 2.1 2.1 mA 
current range Veer = + 25.0V, V— = -12V| 4.2 4.2 
Logic input levels |. V 
V Low 0.8 
IL = 
Vig High VicOv 2.0 2.0 
Logic input current LA 
ip Low VIN=-10V to +0.8V -2.0 | -10 -2.0 | -10 
nn High VIN=2.0V to 18V 0.002] 10 0.002] 10 


Vis eclie input swing | V-=-15V 
range 

ly Reference bias 
current 

di/dt Reference input 
slew rate 

Power supply 


sensitivity 
Positive 


0.0003} 0.01 0.0003} 0.01 
0.002 | 0.01 | 0.002 | 0.01 


ooh 

m 

7 

3 

> 
ae wee 
o]|o 


V+=4.5 to 5.5V, V-=-15V; 

V+=13.5 to 16.5V, V-=-15V 
V-=-4.5 to -5.5V, V+=+15V; 
V-=-13.5 to -16.5, V+=+15V 


Negative 


Powersupplycurrent mA 
‘ = Vg=t5V, IREF=1.0mA alee ta 
EE MEE AMEE 
Pp 25V, IREF=1.0mA a om 


+5V, -15V, IRep=2.0MA 


48 ba | 37 
136 | 122 
174 174 156 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT CURRENT vs OUTPUT 
VOLTAGE (OUTPUT 
VOLTAGE COMPLIANCE) 


ALL BITS ON 


OUTPUT CURRENT (mA) 


0 
-14 -10 -6 ~20 6 10 14 18 
OUTPUT VOLTAGE (V) 


FULL SCALE SETTLING TIME 


ALL BITS SWITCHED ON 


ouTpuT -% tsBt +4 

eee Pec mre 
serrunc+viss| | | | | fl [7 7 
aE Ree 
asi aes 
Bae KERR 


50ns/DIVISION 


Ipg = 2mA, Ry = 1k0 LSB = 4,A 


LSB PROPAGATION DELAY 


FAST PULSED 
REFERENCE OPERATION 


beast 
— 0.5MA jae al a i ~ 


Sane 
SONY 
vent 


200ns/division 
Reg= 2002,R, = 1002, CC=O0 


LSB SWITCHING 


girg 2-4V P= eee 


Loaic COPE 
a a A 


INPUT 0.4 [aceon | 
ov baenapemeneefeen 
a 
BRED, 


. Bh chats 
louT sg 


50ns/division 


TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 


ips — OUTPUT CURRENT (mA) 


(00000000) (11111111) 
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Curve 1: CC = 15pF, Vinp=2.0V p-p centered at 
+ 1.0V. 

Curve 2: CC = 15pF, Vin_p=5OmV p-p centered at 
+200mMV. 

Curve 3: CC = OpF; Vin,w= 100MmV p-p centered at OV 
and applied thru 509 connected to pin 14. 
+ 2.0V applied to Ry,. 
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


REFERENCE AMP COMMON LOGIC INPUT CURRENT vs 
MODE RANGE INPUT VOLTAGE Vt+H - Yic vs TEMPERATURE 
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NOTE 
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LINEAR LSI PRODUCTS 


8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER 


DAC-08 SERIES 


TYPICAL APPLICATION 
PULSED REFERENCE OPERATION 


+ VREF 
OPTIONAL RESISTOR 
FOR OFFSET 


REQ = Rin || Rp 


TYPICAL VALUES 


Rin = 5K 
+Viny = 10V 


FUNCTIONAL DESCRIPTION 


Reference Amplifier Drive and 
Compensation 


The reference amplifier input current must 
always flow into pin.14 regardless of the 
setup method or reference supply voitage 
polarity. 


Connections for a positive reference volt- 
age are shown in Figure 1. The reference 
voltage source supplies the full reference 
current. For bipolar reference signals, as 
in the multiplying mode, R15 can be tied to 
a negative voltage corresponding to the 
minimum input level. R15 may be elimina- 
ted with only a small sacrifice in accuracy 
~ and temperature drift. 


The compensation capacitor value must 
be increased as R14 value is increased. 
This is in order to maintain proper phase 
margin. For R14 values of 1.0, 2.5, and 5.0K 
ohms, minimum capacitor values are 15, 
37, and 75pF, respectively. The capacitor 
may be tied to either Vee or ground, but us- 
ing Vege increases negative supply rejec- 
tion. (Fluctuations in the negative supply 
have more effect on accuracy than do any 
changes in the positive supply.) 


A negative reference voltage may be used if 
R14 is grounded and the reference voltage is 
applied to R15, as shown. A high input impe- 
dance is the main advantage of this method. 
The negative reference votage must be at 
least 3.0V above the Veg supply. Bipolar input 
signals may be handled by connecting R14 to 
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a positive reference voltage equal to the 
peak positive input level at pin 15. 


When using a DC reference voltage, capac- 
itive bypass to ground Is recommended. 
The 5.0V logic supply is not recommended 
as a reference voitage, but if a well 
regulated 5.0V supply which drives logic Is 
to be used as the reference, R14 should be 
formed of two series resistors with the 
junction of the two resistors bypassed 
with 0.1nF to ground. For reference volit- 
ages greater than 5.0V, a clamp diode is 
recommended between pin 14 and ground. 


If pin 14 is driven by a high impedance 
such as a transistor current source, none 
of the above compensation methods apply 
and the amplifier must be heavily compen- 
sated, decreasing the overall bandwidth. 


Output Voltage Range 


The voltage at pin 4 must always be at 
least 4.5 volts more positive than the volt- 
age of the negative supply (pin 3) when the 
reference current is 2mA or less, and at 
least 8 volts more positive than the nega- 
tive supply when the reference current is 


between 2mA and 4mA. This is necessary - 


to avoid saturation of the output tran- 
sistors, which would cause serious ac- 
curacy degradation. 


Output Current Range 


Any time the full scale current exceeds 
2mA, the negative supply must be at least 
8 volts more negative than the output volt- 
age. This is due to the increased internal 
voitage drops between the negative sup- 
ply and the outputs with higher reference 
currents. 


Accuracy 


Absolute accuracy is the measure of each 
output current level with respect to its in- 
tended value, and is dependent upon 
relative accuracy, full scale accuracy and 
full scale current drift. Relative accuracy 
is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The. relative accuracy of the DACO8 
series is essentially constant over the 
operating temperature range due to the 
excellent temperature tracking of the 
monolithic resistor ladder. The reference 
current may drift with temperature, caus- 
ing a change in the absolute accuracy of 


the oscilloscope, 


output current. However, the DACO08 
series has a very low full scale current 
drift over the operating temperature range. 


The DACO8 series is guaranteed accurate 
to within +1/2 LSB at +25°C at a full 
scale output current of 1.992mA. The rela- 
tive -accuracy test circuit is shown in 
Figure 1. The 12-bit converter is calibrated 
to a full scale output current of 
1.99219mA, then the DACO8 full scale cur- 
rent is trimmed to the same value with R14 
so that a zero value appears at the error 
amplifier output. The counter is activated 
and the error band may be displayed on. 
detected by com- 
parators, or stored in a peak detector. 


Two 8-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total of +1/2 part in 65,536, or +0.00076%, 
which is much. more accurate than the 
+0.19% specification of the DAC08 
series. 


Monotonicity 


A monotonic converter is one which 
always provides analog output greater 
than or equal to the preceding value fora 
corresponding increment in the digital in- 
put code. The DACO8 series is monotonic 
for all values of reference current above 
0.5mA. The recommended range for opera- 
tion is a DC reference current between 
0.5mA and 4.0mA. 


Settling Time 


The worst case switching condition oc- 
curs when all bits are switched on, which 
corresponds to a low-to-high transition for 
all input bits. This time is typically 70ns 
for settling to within 1/2 LSB for 8-bit ac- 
curacy. This time applies when R, <500 
ohms and Co <25pF. The slowest single 
switch is the least significant bit, which 
typically turns on and settles in 65ns. In 
applications where the DAC functions ina 
positive going ramp mode, the worst case 
condition does not occur and settling 
times less than 70ns may be realized. 


Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, 100,.F supply 
bypassing for low frequencies, minimum 
scope lead length, and avoidance of 
ground loops are all mandatory. 


LINEAR LSI PRODUCTS 


8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER | DAC-08 SERIES 


SETTLING TIME AND PROPAGATION DELAY 


D1, O2 = IN6263 or equivaient Vg + = +15V 
D3 = IN914 or equivaient 
C1 =0.01,f 
Cz, C3 = O.1 yf 
Q; = 2N3904 or equivalant 
Ca, Cs = 15pf and includes all 
probe and fixturing capacitance 


5§ 6 7 8 8101112 13 
VagF = 10V0 
ingeF = 2mA 


Ris 5ko « 


O Vg- = —15V 


BASIC DAC-08 CONFIGURATION 


Rrer 
5 67 8 9 101112 


(LOW T.C.) 


DAC-08 


+Vret 255 ~ : 
a ——— X —— | lo + Io = Irs for all logic states 
R pet 256 


lFs 


RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST 


VREF 


SR, 


Ri = low T.C. 

R3= RR; + Re 

Ro = 0.1 Ri to minimize 

pot. contribution to full scale drift 
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LINEAR LSI PRODUCTS 


8-BIT HIGH SPEED MULTIPLYING D/ACONVERTER -—S«éDAC-O8 SERIES. 


UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 


5k (LOW T.C.) 


O VouT= 
OTO +10V 


UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 


a) Positive Output 


DAC-08 


BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 


CODE CHART 


POS full scale 

POS f.s. - 1LSB 

+ Zero scale + 1LSB 
Zero scale 

Zero scale - 1LSB 

Neg fuil scale - 1LSB 

Neg full scale 
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LINEAR LSI PRODUCTS 


8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES 


3 DIGIT BCD CONVERTER 


A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve +0.1% accu- 
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to provide 
0 to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (R7) sets the zero scale at 0.00V 


The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
Vout = 0 to +V" code 100110011001. 

_ +V *Range: Full scale adjustment procedure. 

+5V for R: = Re = 2.5K ; 

+10V for R1 = Re = 5.0K In the sequence below, switch on the follow- 
ing code combinations and adjust the indi- 
cated potentiometer for the proper output. 


SYMMETRICAL OFFSET BINARY (BIPOLAR) 


3 DIGIT BCD CONVERTER WITH +0.1% ACCURACY 


Bras INPUT CODE 


aes 
000000001001 
000010011001 
100110011001 


Vrer = 10V 


Piso | por. DESIRED 


OUTPUT 


Rg gk 20.1% 


© Vout 


© 
- 15V 
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LINEAR LSI PRODUCTS 


8-BIT MULTIPLYING D/A CONVERTER _ 


MC1508-8/1408-8/1408-7 


DESCRIPTION 

The MC1508/MC1408 series of 8-bit mono- 
lithic digital-to-anaiog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur- 
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 


FEATURES 


Fast settling time— 70ns (typ) 

e Relative accuracy +0.19% (max error) 

e Non-inverting digital inputs are TTL and 
CMOS compatible 

e High speed multiplying rate 4.0mA/us 
(input slew) 

¢ Output voltage swing +.5V to -5.0V 

© Standard supply voltages + 5.0V and 
-5.0V to -15V 

e Military qualifications pending 


APPLICATIONS 


Tracking A-to-D converters 
2'/-digit panel meters and DVM’s 
Waveform synthesis 

Sample and hold 

Peak detector 

Programmable gain and attenuation 
CRT character generation 

Audio digitizing and decoding 
Programmable power supplies 
Analog-digital multiplication 
Digital-digital multiplication 
Analog-digital division 

Digital addition and subtraction 
Speech compression and expansion 
Stepping motor drive 

Modems 

Servo motor and pen drivers 


CIRCUIT DESCRIPTION 

The MC1508/MC1408 consists of a refer- 
ence current amplifier, an R-2R ladder, and 
8 high speed current switches. For many 


applications, only a reference resistor and 


reference voltage need be added. 


The switches are non-inverting in opera- 
tion; therefore, a high state on the input 


turns on the specified output current com-- 


ponent. 


The switch uses current steering for high 


‘speed, and a termination amplifier consist- 


ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 


The R-2R ladder divides the reference am- 
plifier current into binarily-related compo- 
nents, which are fed to tne switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 


ABSOLUTE MAXIMUM RATINGS 1T, = +25°C unless otherwise specified 


PARAMETER 


Power Supply Voltage 
Positive 
Negative 
Digital Input Voltage 
Applied Output Voltage 
Reference Current 
Reference Amplifier Inputs 


+5.5 
~ 16.5 
0 to Voc 
-~5.2to +18 


Power Dissipation (Package Limitation) 


Ceramic Package 
Plastic Package 


Lead Soldering Temperature (60 sec) 


Operating Temperature Range 
MC 1508 
MC 1408 

Storage Temperature Range 
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-—55 to +125 
Oto +75 
-— 65 to + 150 


RATING UNIT 


PIN CONFIGURATION 
F,N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
MC 1508-8F MC 1408-7N 
MC 1408-7F 


D*? PACKAGE 


TY] Ag (LSB) 
Vreri+) 12] [5] Ay 
Ag 
As 


La 
A3 
A2 
Ay (MSB) 


TOP VIEW 


ORDER NUMBER 
MC 1408-8D 


NOTES: 

1. SOL Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


BLOCK DIAGRAM 


MSB LSB 
Ay Ag Ag Ag As Ag A7 Ag 
9 4 5 . , 6 , 
CURRENT SWITCHES ro 


CTT TTT 
R-2R LADDER 


REFERENCE 
CURRENT 
AMPLIFIER 


Seneirniypeeenceninerll 
NPN CURRENT SOURCE PAIR 


LINEAR LSI PRODUCTS 


8-BIT MULTIPLYING D/A CONVERTER MC1508-8/1408-8/1408-7 


DC ELECTRICAL CHARACTERISTICS! Pin 3 must be 3V more negative than the potential to which Ris is returned. 
Voc = +5.0Vdc, Vee = -15Vde, Veet = 2.0mA 
unless otherwise specified. Ls , F 
MC1508: Ta = -55°C to 125°C. MC1408: Ta=0°C to 75°C 
unless otherwise noted. 


CONDITIONS | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | | 
Er Relative accuracy] Error relative 
to full scale 
lo, Figure 3 
To within 1/2 LSB, 
includes t’PLH, 
TA = +25°C, 


Setting time! 


Propagation delay 
time 

tPLH Low-to-high 

tPHL High-to-low 


TCl Output full scale ° 
° current drift PPM/C 
Digital input 


logic level (MSB) 

VIH High 

Vit Low 

Digital input 
current (MSB) 

lt => = High 

HL Low 

115 Reference input 

bias current 


Output current 
range 


dc 
mA 


Figure 5 


Vee = -5.0V 
Vee = -7.0V to 


lor 


lo Output current 


R14 = 10000 
All bits low 


Off-state 


Output voltage 
compliance 


lo(min) 
Vo 


slew rate 


PSRR -)Output current |lrep = 1MA 
power supply 

sensitivity 
Power supply 
current 

| loc Positive 
IEE Negative 
Power supply 
voltage range 


Vcocr Positive 
VEER Negative 


Pp Power dissipation 


All bits low, 
Figure 5 


Ta = +25°C, 
Figure 5 
All bits low, 
Figure 5 | 

Vee = -5.0Vdc 
Vee = -15Vdc 


NOTES: 
1. All bits switched. 
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LINEAR LSI PRODUCTS 


8-BIT MULTIPLYING D/A CONVERTER 


MC1508-8/1408-8/1408-7 


TYPICAL PERFORMANCE 
CHARACTERISTICS 


D-to-A TRANSFER CHARACTERISTICS 


< 
E 
bh 
z 
id 
a 
4 
= 
oO 
— 
= 
a. 
- 
=] 
co) 
Ke) 


(00000000) INPUT DIGITAL WORD (11111111) 


FUNCTIONAL DESCRIPTION 


Reference Amplifier Drive 
and Compensation 


The reference amplifier input current must 
always flow into pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 


Connections for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals, as in the multiply- 
ing mode, R,s can be tied to a negative 
voltage corresponding to the minimum input 
level. Ry, may be eliminated and pin 15 
grounded, with only a small sacrifice in 
accuracy and temperature drift. 


The compensation capacitor value must 
be increased with increasing values of R,,4 
to maintain proper phase margin. For Ry, 
values of 1.0, 2.5, and 5.0K ohms, 
minimum capacitor values are 15, 37, and 
75pF. The capacitor may be tied to either 
Veg Or ground, but using Vege increases 
negative supply rejection. (Fluctuations in 
the negative supply have more effect on 
accuracy than do any changes in the 
positive supply). 


A negative reference voltage may be used 
if R,, is grounded and the reference 
voltage is applied to R,., as shown in 
Figure 2. A high input impedance is the 
main advantage of this method. The 
negative reference voltage must be at 
‘least 3.0V above the Vee supply. Bipolar 
input signals may be handled by connect- 
ing Ry, to a positive reference voltage 
equal to the peak positive input level at pin 
15. 


Capacitive bypass to ground is recom- 
mended when a DC reference voltage is 
used. The 5.0V logic suppiy is not recom- 
mended as a reference voltage, but if a 
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well regulated 5.0V supply which drives 
logic. is to be used as the reference, Ry, 
should be formed of two series resistors and 
the junction of the two resistors bypassed 
with 0.14F to ground. For reference voltages 
greater than 5.0V, a clamp diode is recom- 
mended between pin 14 and ground. 


If pin 14 is driven by a high impedance 
such as a transistor current source, none 
of the above compensation methods apply 
and the amplifier must be heavily compen- 
sated, decreasing the overall bandwidth. 


Output Voltage Range 


The voltage at pin 4 must always be at 
least 4.5 volts more positive than the 
voltage of the negative supply (pin 3) when 
the reference current is 2mA or less, and 
at least 8 volts more positive than the 
negative supply when the reference cur- 
rent is between 2mA and 4mA. This is 
necessary to avoid saturation of the out- 
put transistors, which would cause 
serious degradation of accuracy. 


Signetics’ MC1508/MC1408 does not need 
a range control because the design ex- 
tends the compliance range down to 4.5 
volts (or 8 volts—see above) above the 
negative -supply voltage without signifi- 
cant degradation of accuracy. Signetics’ 
MC1508/MC1408 can be used in sockets 
designed for other manufacturers’ MC1508/ 
MC1408 without circuit modification. 


Output Current Range 


Any time the full scaie current exceeds 
2mA, the negative supply must be at least 
8 volts more negative than the output 
voltage. This is due to the increased inter- 
nal voltage drops between the negative 
supply and the outputs with higher refer- 
ence currents. 


Accuracy 


Absolute accuracy is the measure of each 
output current level with respect to its 
intended value, and is dependent upon 
relative accuracy, full scale accuracy and 
full scale current drift. Relative accuracy 
is the measure of each output current 
level as a fraction of the full scale current 
after zero scale current has been nulled 
out. The relative accuracy of the 
MC1508/MC1408 is essentially constant 
over the operating temperature range 
because of the excellent temperature 
tracking of the monolithic resistor ladder. 
The reference current may drift with tem- 
perature, causing a change in the absolute 
accuracy of output current; however, the 
MC1508/MC 1408 has a very low full scale 
current drift over the operating tempera- 
ture range. 


The MC1508/MC1408 series is guaranteed 
accurate to within +1/2 LSB at +25°C ata 
full scale output current of 1.99mA. The 
relative accuracy test circuit is shown in 
Figure 3. Tie 12-bit converter is calibrated 
to a full scale output current of 1.99219mA; 
then the MC1508/MC1408’s full scale cur- 
rent is trimmed to the same value with Ry, 
so that a zero value appears at the error 
amplifier output. The counter is activated 
and the error band may be displayed on 
the oscilloscope, detected by com- 
parators, or stored in a peak detector. 


Two 8-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total of +1/2 part in 65,536, or +0.00076%, 
which is much more accurate than the 
+0.19% specification of the MC1508/ 
MC1408. 


Monotonicity 


A monotonic converter is one which 
always provides an analog output greater 
than or equal to the preceding value for a 
corresponding increment in the digital 
input code. The MC 1508/MC1408 is mono- 
tonic for all values of reference current 
above 0.5mA. The recommended range for 
operation is a DC reference current be- 
tween 0.5mA and 4.0mA. 


Settling Time 

The worst case switching condition oc- 
curs when all bits are switched on, which 
corresponds to a low-to-high transition for 
all input bits. This time is typically 70ns 
for settling to within 1/2 LSB for 8-bit ac- 
curacy. This time applies when RL <500 
ohms and Co <25pF. The slowest single 
switch is the least significant bit, which 
typically turns on and settles in 65ns. In 
applications where the D-to-A converter 
functions in a positive going ramp mode, 
the worst case condition does not occur 
and settling times less than 70ns may be 
realized. 


Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring settl- 
ing time. Short leads, 100uF supply bypass- 
ing for low frequencies, minimum scope lead 
length, good ground planes, and avoidance of 
ground loops are all mandatory. 


LINEAR LSI PRODUCTS 


8-BIT MULTIPLYING D/A CONVERTER 


MC1508-8/1408-8/1408-7 


TEST CIRCUITS 


R44 ™ R45 


(+) Vaee ot 


MC1508 
MC1408 


lo 


SEE TEXT FOR VALUES OF C. 
Cc 


Figure 1. Positive Vper 


Ryq= Pig 


SEE TEXT FOR VALUES OF C. 
Cc. 


VEE 
Figure 2. Negative Vaer 
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LINEAR LSI PRODUCTS 


8-BIT MULTIPLYING D/A CONVERTER 


MC1508-8/4408-8/4408-7 


TEST CIRCUITS (Cont'd) 
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12-BIT 
D-TO-A 
CONVERTER 
(+ 0.02% 
ERROR MAX) 


MC 1508 


COUNTER mole 


OTO +10V OUTPUT 


ERROR (1V = 1%) 


Figure 3. Reiative Accuracy 


+ 2.0Vde 


FOR SETTLING TIME 
MEASUREMENT 
@> (ALL BITS 
SWITCHED LOW 
TO HIGH). 


SETTLING TIME 


2.4V 


Sin 
0.4V 


USE R; to GND 
FOR TURN OFF 
MEASUREMENT. 


1.0V 


R, = 5000 
0 


tg = 70ns TYPICAL 
TO +1/2 LSB 


TRANSIENT ° 
RESPONSE 
— 100: 
mV 


A oR, = 600 
PIN 4 TO GND 


tPHL 


Figure 4. Transient Response and Settling Time 
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8-BIT MULTIPLYING D/A CONVERTER 


MC1508-8/1408-8/1408-7 


TEST CIRCUITS (Cont'd) 


TYPICAL VALUES Ryq™ Ris a 1K 


Vref = +2.0V 
C= 15pF 


1a 
Vrer (+) 


DIGITAL 
INPUTS 


(SEE TEXT FOR VALUES OF C.) 


V, AND |, APPLY TO INPUTS A, THROUGH Ag 


THE RESISTOR TIED TO PIN 15 IS TO TEMPERATURE COMPENSATE THE 
BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS. 


4 8 16 32 64 128 256 


Ay Ag Ag Ag A A A 
lonk | ats 24 344, A5, Ae, Ty | 


Vv 
where K = ‘REF 
R14 


and Ay =‘'1" IF Aq IS AT HIGH LEVEL 
Ay = “0” IF Ay IS AT LOW LEVEL 


Figure 5. Notation Definitions 


10% 0 

TP 20% 

dt A, dt ———— 2.0mA 
SLEWING TIME 


Figure 6. Reference Current Slew Rate Measurement 
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10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


DESCRIPTION 


The MC3410 series are 10-Bit Multiplying 
Digital-to-Analog Converters. They are 
capable of high-speed performance, and 
are used as general-purpose building 
blocks in cost-effective D/A systems. 


The Signetics’ design provides complete 
10-bit accuracy without laser trimming, 
and guaranteed monotonicity over temper- 
ature. Segmented current sources, in con- 
junction with an R/2R DAC provides the 
binary weighted currents. The output buf- 
fer amplifier and voltage reference have 
been omitted to allow greater speed, lower 
cost, and maximum user flexibility. 


FEATURES 


‘e 10-bit resolution and accuracy (+0.05%) 

¢ Guaranteed monotonicity over 
temperature 

e Fast settling time—250ns typical 

¢ Digital inputs are TTL and CMOS 
compatible 

¢ Wide output voltage compliance range 

e High-speed multiplying input slew rate 
—20mA/s 

e Reference amplifier internally 
compensated 

¢ Standard supply voltages +5V and 
~~ 15V 


BLOCK DIAGRAM 
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APPLICATIONS 


Successive approximation A/D 
converters 

High-speed, automatic test equipment 
High-speed modems 

Waveform generators 

CRT displays 

Strip CHART and X-Y plotters 
Programmable power supplies 
Programmable gain and attenuation 


MC3410F 


Power Supply 


Digital Input Voltage 
Applied Output Voitage 
IRerae) Reference Current 
REF Reference Amplifier Inputs 
Vrer(p) Reference Amplifier Differential Inputs 
Operating Temperature Range 
MC3510 
MC3410, 3410C 
Junction Temperature 
Ceramic Package 
Plastic Package 


MSB LSB 
D; Dz D3 Da Ds Dg D7 Dg Dg Dio 
\) O) O ) e e. O () O () 


BIAS 
CIRCUITRY 


REFERENCE 
CURRENT 
AMPLIFIER 


MC3410, MC3510, MC3440C 


CONFIGURATION 
F PACKAGES 


TOP VIEW 
ORDER NUMBERS 


MC3410CF MC3510F 


+7.0 

— 18 

+15 
0.5, — 5.0 

2.5 


Voc, Ver 
0.7 


—55 to +125 
Oto +70 


+175 
+ 150 


LINEAR LS] PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 


DC ELECTRICAL CHARACTERISTICS Voc = +5.0Vdc, Vez = — 15Vde, REE = 2.0mA, all digital inputs at high logic level. 


MC3510: Ta = ~ 55°C to + 125°C, MC3410 Series: T,a=0° to + 70°C 
unless otherwise noted. 


SYMBOL AND PARAMETER TEST CONDITIONS 


E Relative accuracy (Error 
; relative to full scale Io) 


MC3510, MC3410 


z 
28 
ol|2 
oe 
Al 
Cc 
= 
4 


Relative accuracy drift 
(Relative to full scale Io) 


RO 
ol 


2 
on 


Monotonicity 


Settling time to within 
+ V2 LSB (all bits low to high) 


teLH 


Propagation delay time 
teHL 


~—h 
Nm w t 
On 


TClo Output full scale current drift 


Digital Input Logic Levels 
(All bits) 
High Level, Logic ‘1” 
Low Level, Logic ‘‘0”’ 


Vin 


Digital Input Current (All bits) 
High Level, Vin = 5.5V 
Low Level, Vj, = 0.8V 


Reference Input Bias Current 
REPS) (Pin 15) 


lor Output Current Range 
VREF = 2.000V, 


low Output Current (All bits high) Rig = 10000 
lot Output Current (All bits low) 


Ta = 25°C 
Vo Output Voltage Compliance Ta=25°C 
Vo= 0 


~1.0 


{ 
— 
oO 
i 
or 4s 
oO 
ad 
Oo oO 


30] 


Reference Amplifier Slew 
SRlReF Rate 
ST | Reference Amplifier Settling 0 to 4.0mA. +0.1% 
REF Time 


Co Output Capacitance | Vo=0 

C Digital Input Capacitance 
(All bits high) 

loc Power Supply Current 

ie (All bits low) 

Voc 

> Power Supply Voltage Range 
EE 


Power Consumption 
(Ali bits low) 
(All bits high) 


Output Current Power Supply 
Sensitivity 


PSRR(-) 


0.01 


0.003 0.02 
+18 +18 
mA 
-11.4 ~20 -11.4 -20 
+ 4.75 + 5.0 +5.25 | +4.75 + 5.0 + 5.25 ve 
fe 
-14.25 -15 ~15.75 | -14.25 ~15 -15.75 
380 220 380 }; mW 
200 


ne) 
Tn 


[o) 
oO 
Oo 
© 


Nh Ph 
Oo NM 
oo 
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LINEAR LS! PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER MC3410, MC3510, MC3410C 


TYPICAL PERFORMANCE CHARACTERISTICS 


+Voc = +5V 
~ Veg = - 15V 
inep = 2mMA 


OUTPUT CURRENT (mA) 


ee eee ee 
(eee eee ee 
Sea ee ; 

-3 -10 1 3 5 ~75-50-25 0 25 50 75 100 125 
COMPLIANCE VOLTAGE (VOLTS) ; Ta (°C) 


OUTPUT COMPLIANCE VOLTAGE (VOLTS) 


Figure 1. Output Current vs. Output Compliance Voltage | Figure 2. Maximum Output Compliance 
Voltage vs. Temperature 


SMALL-SIGNAL BW 

lo = 1002 

Vrer( +) = 50 MVp.p 

CENTERED AT + P300mV, want 


ZN 
tit rit 
pent BAVAL 


RELATIVE OUTPUT (dB) 


Vaer(+)=2V 
CENTERED at" 


0 12 ) 
-75~-S0-25 0 25 50 75 100 125 01 020305 1.0 203050 10 
Ta (°C) f, FREQUENCY (MHz) 


— 
z 
ul 
& 
« 
~ 
oO 
> 
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a. 
-% 
= 
Wn 
Cc 
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= 
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a. 

dl 
_ 
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Figure 3. Power Supply Currents vs. Temperature Figure 4. Reference Amplifier Frequency Response 
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


MC3410, MC3510, MC3410C 


CIRCUIT DESCRIPTION 


The MC3410 consists of four segment cur- 
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi- 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10-bit accur- 
acy without trimming. 


The individual bit currents are switched 
ON or OFF by fully differential current 
switches. The switches use current steer- 
ing for speed. 


An on-chip high-slew reference current 
amplifier drives the R/2R ladder and seg- 
ment decoder. The currents are scaled in 
such a way that, with all bits on, the max- 
imum output current is two times 1023/ 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer- 


(5) 
D2 


aed 
ieee 
DECODER 


ence input current. The reference ampli- 
fier allows the user to provide a voltage in- 
put. Out-board resistor R16 (see Figure 6) 
converts this voitage to a usable current. 
A current mirror doubles this reference 
current and feeds it to the segment de- 
coder and resistor ladder. Thus, for a refer- 
ence voltage of 2.0 Volts and a 1k0 resis- 
tor tied to Pin 16, the full scale current is 
approximately 4.0mA. This relationship 
will remain regardiess of the reference 
voltage polarity. . 


Connections for a positive reference volt- 
age are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R15 can be tied to a negative volt- 
age corresponding to the minimum input 
level. For a negative reference input, R16 
should be grounded (Figure 6b). In addi- 
tion, the negative voltage reference must 
be at least 3V above the Ve- supply volt- 


(6) (7) (8) (8) (10) 
D3 Da Ds De O7 


age for best operation. Bipolar input sig- 
nals may be handled by connecting R16 to 
a positive voltage equal to the peak posi- 
tive input level at Pin 15. 


When a OC reference voltage is used, 
capacitive bypass to ground is recom- 
mended. The 5V logic supply is not recom- 
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled by connecting it to the 
+5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1pnF capacitor to 
ground. 


The reference amplifier is internally com- 
pensated with a 10pF feed-forward capac- 
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 


(13) 
LSB 


(11) (12) 
D. Dio 


8 Dg 


(3) 


VBIAS 
(INTERNAL) 


eee 


CODE SELECTED 0111110011 


Vee (1) 


Figure 5. MC3410 Equivalent Circuit 
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LINEAR LSI PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING DIA CONVERTER  ##MC3410,MC3510, MC3410C 


2.0mA reference current into Pin 16. The 
referance current can also be supplied by 
a high impedance current source of 
2.0mA. As R16 increases, the bandwidth 
of the amplifier decreases slightly and 
settling time increases. For a current 
source with a dynamic output impedance 
of 1.0MQ, the bandwidth of the reference 
amplifier is approximately half what it is in 
the case of R16= 1.0k0, and settling time 
is =10yus. The reference amplifier phase 
margin decreases as the current source 
value decreases in the case of a current 
source reference, so that the minimum ref- 
b THROUGH erence current supplied from a current 
Dio source is 0.5mA for stability. 


Rig + Rr = Ris = Rrer OUTPUT VOLTAGE 


Ore cai = Vrerl Rrer COMPLIANCE 

The output voltage compliance ranges 
from —2.5 to +0.2V. As shown in Figure 2, 
a) POSITIVE REFERENCE VOLTAGE this compliance range is nearly constant 
over temperature. At the temperature ex- 
tremes, however, the compliance voltage 
may be reduced if Veg > —15V. 


ACCURACY 


Absolute accuracy is a measure of each 
output current level with respect to its 
intended value. It is dependent upon rela- 
tive accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re- 
spect to its intended fraction of the full 
scale current. The relative accuracy of the 
MC3410 is fairly constant over tempera- 
ture due to the excellent. temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 
D, THROUGH amplifier may drift with temperature caus- 

Dio ing a change in the absolute accuracy. 
However, the MC3410 has a low full scale 


Ris + Rr = Rig current drift with temperature. 


Rr << Ris 
Vaer > Vee + 3V The MC3510 and the MC3410 are accurate 
to within + .05% at 25°C with a reference 
current of 2.0mA on Pin 16. 


b) NEGATIVE REFERENCE VOLTAGE 


MONOTONICITY 


The MC3410, MC3510 and MC3410C are 
guaranteed monotonic over temperature. 
This means that for every increase in the 
input digital code, the output current 
either remains the same or increases but 
never decreases. In the multiplying mode, 
Figure 6. Basic Connections where reference input current will vary, 
monotonicity can be assured if the refer- 
ence input current remains above 0.5mA. 
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


MC3410, MC3510, MC3410C 


SETTLING TIME 


The worst case switching condition 
occurs when all bits are switched ‘‘on,’’ 
which corresponds to a low-to-high transi- 
tion for all bits. This time is typically 250ns 
for the output to settle to within + 1/2 LSB 
for 10-bit accuracy, and 200ns for 8-bit 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 
swing is limited to a small (<0.7 Volt) 
Swing and the external output capacitance 
is under 25pF. 


MC3510/ 
MC3410 


MC3510/ 
MC3410 


The major carry (MSB off-to-on, all others 
on-to-off) settles in approximately the 
same time as when al! bits are switched 
off-to-on. 


lf a load resistor of 625 Ohms is con- 
nected to ground, allowing the output to 
swing to —2.5 Volts, the settling time in- 
creases to 1.5us. 


Extra care must be taken in board layout 
as this is usually the dominant factor in 
satisfactory test results when measuring 


7 Co < 25pF 


settling time. Short leads, 100uF supply by- 
passing, and minimum scope lead length 
are all necessary. 


A typical test set-up for measuring set- 
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the voltage reference input 
between 0 and 2V, and using a 5000 !oad 
resistor R,. 


RISE AND FALL TIMES < 10ns 


ts — 250ns TYPICAL 
TO + 1/2 LSB 


USE R, TO GND FOR TURN-OFF MEASUREMENT 


Figure 7. Settling Time 


Figure 8. Propagation Delay Time 


FOR SETTLING TIME 
MEASUREMENT. 
(ALL BIT SWITCHED 
LOW TO HIGH) 


RISE AND FALL TIMES < 10ns 


tPHL 


FOR PROPAGATION 
DELAY TIME 
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40-BIT HIGH-SPEED MULTIPLYING DIA CONVERTER MC3410, MC3510, MC3410C 


MC3510/ 


MC3410 


SLEW RATE 


ts = 2us TYPICAL 
TO +0.1% 


USE R, = 200 TO GND FOR 
SLEW RATE MEASUREMENT 


Figure 9. Reference Amplifier Settling Time and Slew Rate 


TYPICAL APPLICATIONS 


O OUTPUT 
(MC3410) 


or DOO DBO ON 


E2 
Ey 


SIGNAL 


CONTROL { 
FROM »P 


LATCH g 
1/2 LS375 


OOOO) 


RY YYXKXK) 
[01 ~ D2 | | D3 ~ Diol 


THE VALID DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH E2 PULSE. 
TIMING WILL DEPEND ON THE PROCESSOR USED. 


Figure 10. Interfacing 10-Bit DAC with 8-Bit Microprocessor 
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LINEAR LSI PRODUCTS 


8-BIT u.P-COMPATIBLE D/A CONVERTER 


SE/NE5048° 


DESCRIPTION 

The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono- 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces- 
sors. 


The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voitage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main- 
taining a low temperature co-efficient. 


The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


BLOCK DIAGRAM 


(19) 
Vec* 


Vaer 
(13) out 


INT, 
| VREF 


(10) 
CE 


Vrer 
(12) ADs. 


SUM 
(20) Nope ° 


(18) Vour © 


AMP. | 5K as 
(21) comp. © = 


ANALOG 
(22) GND. © 


5K 
; VREF 
(14) nn © 


A S sk 


: a 
~” COMP. 
(15) BIPOLAR (16) 
OFFSET 


Vec- O 
(17) 


DAC CURRENT 
OUTPUT 


FEATURES 


8-bit resolution 
input letches 


Monotonic to 8 bits 


circuit protected 


© Compatible with 8085, 6800 and many 


other »P’s 


APPLICATIONS 


A/D converters 


Test equipment 


(9) (8) (7) (6) (5) (4) (3) (2) 


Low-loading data inputs 
On-chip voltage reference 
Output buffer amplifier 
Accurate to + 1/2 LSB (.19%) 


Measuring instruments 
Analog-digital multiplication 


Precision 8-bit D/A converters 


Programmable power supplies 


DB7 OB6 DBS DB4 DB3 DB2 DB1 DBO 


MSB 9 0) O O O O 


DAC SWITCHES 


Figure 1 


e 


O LSB 


LATCHES AND 
SWITCH DRIVERS 


Amplifier and reference both short- 


(1) 


DIGITAL 


GND 


saint 


PIN CONFIGURATION 


DIGITAL GND | 1 | 


DBO (LSB) | 2 | 


ORDER NUMBERS 
SE/NESO18F,N 


D2 PACKAGE 


DIGITAL GNO 
DBO (LSB) 


DB1 


NC | 
LE 


Vreg ADU. 


ORDER NUMBER 


NOTES: 


F,N PACKAGE 


TOP VIEW 


NE5018D2 


ANALOG GND 
AMP. COMP. 
SUM NODE 
Veer 

Vout 

Voc- 

DAC COMP. 


BIPOLAR OFFSET R| 


Vrer IN 


| Veer OUT 


Vrer ADJ. 


ANALOG GND 
AMP. COMP. 


SUM NODE 


+ Vec 
Vout 

NC 

~Vec 
DAC COMP. 


BIPOLAR OFFSET 


} NC 


Vrer IN 
Veer OUT 


1. SOL-Released in Large SO package only. 


2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 
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8-BIT .P-COMPATIBLE D/A CONVERTER —— SEINE5048 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER | RATING | 


Positive supply voltage 18 
Negative supply voltage —18 

~ Logic input voltage Oto 18 
Voltage at Vrer input 12 
Voltage at Vpger adjust O to VreF 
Voltage at sum node 12 
Short-circuit current 
to ground at Vagr OUT Continuous 
Short-circuit current to ground 
or either supply at VouT Continuous 
Power dissipation’* 
-N package 800 
-F package 1000 
Operating temperature range 
SE5018 ~55 to +125 
NE5018 0 to +70 
Storage temperature range —65 to +150 
Lead soldering temperature 
(10 seconds) 300 


*NOTES | 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS Vcoct+ = +15V, Voc— = —15V, SE5018. -55°C < Ta < 125°C, 
NE5018. 0°C < Ta < 70°C unless otherwise specified! 
Typical values are specified at 25°C 


PARAMETER 


Resolution 
Monotonicity 
Relative accuracy 


Voect Positive supply voltage 
Vec~- Negative supply voltage 
VIN(1) Logic “1” input voltage Pin 1 = OV 
VIN(O) —_ Logic “O” input voltage Pin 1 = OV 
ING) Logic “1” input current Pin 1 = OV, 2V<Viy< 18V 
NCO) Logic “O” input current Pin 1 = OV, —5V<Vin<0.8V 
IN 
VFS Full scale output voltage . Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 
VES Full scale output voltage Bipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Zero scale voltage 


PSR+ (out) Output power supply V— = —15V, 13.5V<V+<16.5V, %FS / 
rejection (+) external Vref jn = 5.000V %VS 
PSR-(out) Output power supply V+ = 15V, —13.5V<V-—<-—16.5V, 0 : %FS / 
rejection (—) external VReF in = 5.000V . %VS 


Full scale temperature VREF IN = 5.000V 
coefficient . 
Zero scale temperature 

coefficient 
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8-BIT .P-COMPATIBLE D/A CONVERTER SE/NES0418 


DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct = +15V, Voc— = —15V, SE5018. —55°C < Ta < 125°C, 
NE5018. O°C < Ta < 70°C unless otherwise specified.’ 
Typical values are specified at 25°C 


SE/5018 


PARAMETER . TEST CONDITIONS 


Reference output current Note 8 
Reference short circuit Ta = 25°C 
current VREF OUT = OV 
Reference power supply | V—- = —15V, 13.5V < V+ <= 
rejection (+) IREF = 1.0mA 
Reference power supply { V+ = 15V, -13.5V < V- < 
rejection (—) 

Reference voltage IREF = 1.0MA 
Reference voltage IREF = 1.0mA 
temperature coefficient 

DAC Vreg IN input IREF=1.0MA Ta = 25°C 

impedance 

Positive supply current Voct = 15V 

Negative supply current Voc7 = —15V 

Power dissipation 4 


Ta = 25°C 


NOTE 
1. Refer to Figure 2. z 
AC ELECTRICAL CHARACTERISTICS? Vcc = + 15V, Ta = 25°C 

SE /NE5018 


PARAMETER 
| Min | Typ | Max | 


TSLH Settling time 
TSHL Settling time 


toih Propagation delay All bits switched low to high 
toh! Propagation delay All bits switched high to low4 
tpisb | Propagation delay 1pU 1 LSB change3.4 
toh Propagation delay low to high transition® 
toht Propagation delay high to low transition® 
ts Set-up time 
th Hold time 
tow Latch enable pulse width 

NOTES 

2. Refer to Figure 3. 

3. See Figure 6. 

4. See Figure 7. 

5. See Figure 8. 

6. See Figure 9. 

7. See Figure 10. 

8. For reference currents > 3mA, use of an external buffer is required. 
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DC PARAMETRIC TEST CONFIGURATION 


O YCC+ 


(98765432 — 19 
#10 OIG. GND 1 


§.000V 


14 VREE IN ANA. GND 22 


413 VREF OUT 


OUTPUT 


Figure 2 


FULL/ZERO SCALE ADJUST—UNIPOLAR OUTPUT (0-10V) 


© Yoc+ 


MSB LsB 
re ee 0.47;.F 


19 
DIG. GNO 1 


198765432 
10 


14 VREF IN ANA. GND 22 | 


13. VREF OUT 


5018 
12 VREF ADJ Vouy a6 | 


e 9 
22pF 
DAC : 
COMP. AMP 21 
16 17 


FULL SCALE 
ADJUST 


0.01;,.F 


ZERO SCALE 


voc-— 
ADJUST 


Figure 4 


SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 


OUTPUT 


Figure 6 
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8-BIT .P-COMPATIBLE D/A CONVERTER | 


OUTPUT 


SE/NE5018 


AC PARAMETRIC TEST CONFIGUTATION 


OuTPUT 


Figure 3 


BIPOLAR OUTPUT OPERATION (—5 to +5V) 


@ Yoc+ 
MSB8 LSB 


0.47 ,F 


HOM Od oO dO GO 
98765432 
10 


414 VREF in 
413 VREF OUT 


412 VREF ADJ OUTPUT 


22pF 
a DAC 
COMP. BIP. OFFSET 
16 17 15 


0.01;.F 0.9 F 
4 


voc-~ 
ZERO SCALE 
Figure 5 2 ADJUST 


SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 


Figure 7 
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8-BIT ,P-COMPATIBLE D/A CONVERTER 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


Figure 8 


Figure 9 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 


akan 


<Guneemeene ig 


Figure 10 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


SE/NESO18 
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8-BIT IT_P-COMPATIBLE D/A CONVERTER E 


| ~_SEINE5O19 


DESCRIPTION FEATURES _ PIN CONFIGURATION 

_The NE§019 is a complete 8-bit digital to © &bit resolution 

analog converter subsystem on one mono- - nou ti F,N PACKAGE 

lithic chip. The data inputs have input . Tuciseair date inpute 

latches, controlled by a latch enabie pin. é id ‘A piaiTaL GNo [71 52] ANALOG GND 
: e On-chip voitage reference 

The data and latch enable inputs are ultra- 

low loading for easy interfacing with alllogic ° Output buffer amplifier see ag aa AMP COU: 

e Accurate to + 1/4 LSB (.1%) 
systems. The latches appear transparent é Monotonic to 8 bits SUM NODE 
when the LE input is in the low state. When © Amplifier and reference both short- 


LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy Compatibility with most micro-proces- 
sors. 


The chip also comprises a stable voltage 
reference (5V nominal) and a high siew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main- 
taining a low temperature co-efficient. 


The output of the buffer amplifier may be 


circuit protected 


Compatible with 8085, 6800 and many 


other uP’s 


APPLICATIONS 


Precision 8-bit D/A converters 
A/D converters 
Programmable power supplies 
Test equipment 

Measuring instruments 
Analog-digital multiplication 


113] Vaer OUT 
12 | Vrer ADJ. 
TOP VIEW 


ORDER NUMBERS 
NE5019F SE5019F 
NE5019N 


offset so as to provide bipolar as well as 
unipolar operation. 


BLOCK DIAGRAM 


(9) (8) (7) (6) (5) (4) (3) (2) 
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mMSB O e O O © @ © O .sB8 
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Figure 1 
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8-BIT «P-COMPATIBLE D/A CONVERTER 


SE/NE5049 


ABSOLUTE MAXIMUM RATINGS 


VrReFADJ 


VSUM 
IREFSC 


louTSC 


Pp 


TA 


PARAMETER 


Positive supply voltage 
Negative supply voltage 
Logic input voltage. 

Voltage at Vrer input 
Voltage at Vper adjust 
Voltage at sum node 
Short-circuit current 

to ground at Vpgr OUT 
Short-circuit current to ground 
or either supply at VoyT 
Power dissipation® 

-N package 

-F package 

Operating temperature range 
SE5019 

NE5019 

Storage temperature range 
Lead soldering temperature 
(10 seconds) 


RATING 


18 
—18 
Oto 18 
12 
0 to VReF 
12 


Continuous 
Continuous 


800 
1000 


—55 to +125 
0 to +70 
—65 to +150 


300 


“NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS vVoct = +15V, Voc— = —15V, SE5019. —55°C < Ty < 125°C, 
NE5019. O°C = Ta <70°C unless otherwise specified. ' 
Typical values are specified at 25°C 


PARAMETER 


TEST CONDITIONS 


Resolution 
Monotonicity 
Relative accuracy 


Voct Positive supply voitage 
Vooc= Negative supply voltage 
VIN(1) Logic “1” input voltage 
ViN(O) Logic “O” input voltage 


NIN(1) Logic “1” input current Pin 1 = OV, 2V<Vin< 18V 
lIN(O) Logic “O” input current Pin 1 = OV, —5V<Vin<0.8V 
VES Full scale output voltage Unipolar operation 

VREF IN = 5.000V, Ta = 25°C 
Ves Full scale output voltage Bipolar operation 

VREF IN = 5.000V, Ta = 25°C 
oI Scat eke 
ios Output short circuit 

current 


—15V, 13.5V<V+ <16.5V, 
external VpeF jn = 5.000V 
V+ = 185V, -—13.5V<V—=-—16.5V, 

external VREF IN = 5.000V 


PSR+ (out) Output power supply 
rejection (+) 

PSR-~(out) Output power supply 
rejection (—) 


TCes Full scale temperature VREF IN = 5.000V 
coefficient 
TCz7sS Zero scale temperature 
coefficient 
NOTE 


1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct = +15V, Voc— = —15V, SE5019. —55°C < Ta < 125°C, 
NE5019. 0°C <= Ta =70°C unless otherwise specified.’ 
Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS 


Reference output current Note 8 

Reference short circuit Ta = 25°C 

current VREF OUT = OV 

Reference power supply | V- = —15V, 13.5V = V+ = 16.5V, : ; : %VR / 
rejection (+) IREF = 1.0mA %VS 


Reference power supply | V+ = 15V, —13.5V < V-— <= 16.5V, : ; : %VR/ | 


rejection (—) 
Reference voltage IREF = 1.0mA 

Ta = 26°C 
Reference voltage IREF = 1.0mMA 
temperature coefficient 


DAC Vre_eegiIN input IREF=1.0MA 
impedance Ta=25°C 

Positive supply current Voct = 15V 
Negative supply current Voc~ = ~15V 
Power dissipation lIREF = 1.0mA, Voc = + 15V 


NOTE 
1. Refer to Figure 2. 


AC ELECTRICAL CHARACTERISTICS? Vcc = + 15V, Ta = 25°C 


PARAMETER TO 


| TSLH Settling time 
TSHL Settling time 
toh Propagation delay All bits switched low to high3 
toni Propagation delay All bits switched high to low4 


tpisb Propagation delay 1 LSB change3.4 
tpin Propagation delay tp LE low to high transition® 
toni Propagation delay high to low transition 


ts Set-up time 
th Hold time 
tow Latch enable pulse width 


NOTES 


. Refer to Figure 3. 

. See Figure &. 

. See Figure 7. 

. See Figure 8. 

. See Figure 9. 

. See Figure 10. 

. For reference currents > 3mA, use of an external buffer is required. 


On On & W hd 
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DC PARAMETRIC TEST CONFIGURATION AC PARAMETRIC TEST CONFIGUTATION 


0 Yoc+ 


98765432 19 
10 DIG. GND 1 


VREF IN ANA. GND 22 


VREF OUT 


Figure 3 


Figure 2 


FULL/ZERO SCALE ADJUST— UNIPOLAR OUTPUT (0-10V) BIPOLAR OUTPUT OPERATION (—5 to +5V) 


© Voc+ 


Oo Voc+ 


LS8 


MSB se 


LE ee 0.47 F 


98765432 19 
10 DIG. GND 1 


0.47 .F 


OQoQoo0oddgced 


98765432 49 
10 DIG. GNO 1 


VREF IN ANA. GND 22 Aaa VREE IN ANA. GND 22 


VREF OUT 13. VREF OUT 


5018 


12) VREF ADs 12 VREF ADJ 


VouT 18 


DAC 
COMP. 
16 


OAc 
COMP. BIP. OFFSET 
16 17 15 


FULL SCALE 
ADJUST 


J oh 0.1,.F 20K 


10T < ZERO SCALE 
ADJUST 


0.01;.F 0.01,.F 0.1,F 
4 


vec-— 
ZERO SCALE 
Figure 5 AOUne 


Vcoc-— 


Figure 4 


SETTLING TIME AND PROPAGATON DELAY, SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA HIGH TO LOW DATA 


ei 
SB 
¢ 


tL 


— 


OUTPUT OuTPuT 


Figure 6 Figure 7 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


DATA j Vf | | 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


DATA jp 


-— mm» —| 


VOW wenn eter 
OUTPUT f- 
ov 
Figure 8 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 


Figure 9 


Figure 10 
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DESCRIPTION 

The NE5020 is a microprocessor-compati- 
ble monolithic 10-bit digital to analog con- 
verter subsystem. This device offers 10-bit 
resolution and +0.1% accuracy and 
monotonicity guaranteed over full operating 
temperature range. 


Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys- 
tems. 


The NE5020 contains internal voltage refer- 
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei- 
ther unipolar or bipolar output values are 
included on a single monolithic chip. 


The result is a near minimum component 
count 10-bit resolution DAC system. 


BLOCK DIAGRAM 


(13) Hao 


(1) DIGITAL GND © 
(21) +¥ec oO 


(18) Vagp OUT © 


(14) Vrge ADS O 


(17) + Vage it O 


(18) BIPOLAR © 


(16)—Vage NO 


FEATURES 

®@ 10-bit resolution 

e Guaranteed monotonicity over 
operating range 

e +0.1% relative accuracy 

© Unipolar (OV to +10V) and 
Bipolar (+ 5V) output range 

® Logic bus compatible 

5usec settling time 


APPLICATIONS 

® Precision 10-bit D/A converters 
10-bit Analog to Digital converters 
Programmable power supplies 
Test equipment 

Measurement instruments 


LATCHES ANO SWITCH DRIVERS 


PIN CONFIGURATION 
F, N PACKAGE 


DIGITAL GNO [1 | |24] ANALOG GND 


AMP COMP 


118] BIPOLAR OFFSET R 


+Vrer INPUT 


—VrRer INPUT 


ORDER NUMBERS 
NE5020F 
NE5020N 


© (Ey (12) 


r) SUM (22) 
NODE 


DAC OUTPUT CURRENT 


| 
=F ide eededeade 


ALL A VALUES EQUAL 6kf). ANO ARE THERMALLY MATCHED 


Figure 1 


© Vour (20) 
5 AMP (23) 
comp 


© ANALOG GNO (24) 


men mbeennyy) 
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ABSOLUTE MAXIMUM RATINGS 


Positive supply voltage 18 
Voc~ Negative supply voltage —18 
VIN Logic input voltage Oto 18 
| Veer iN Voltage at +Vper input 12 
Vref ADJ Voltage at Var adjust 0 to Vrer 


VSUM Voltage at sum node 12 
| IREFSC Short-circuit current 

to ground at Vage OUT 

| louTSC Short-circuit current to ground 


or either supply at Vout 


Continuous 


Continuous 


| Pp Power dissipation ® 
-N package 800 
F package 1000 
| Ta Operating temperature range 
| NE5020 0 to +70 
TSTG Storage temperature range ~65 to +150 


TSOLD Lead soldering temperature 
(10 seconds) 


300 


*NOTES 
For N package, derate at 120°C/W above 36°C 
For F packages, derate at 75°C/W above 76°C 


DC ELECTRICAL CHARACTERISTICS vVoct = +15V, Vec— = —15V, 0°C < Ta <70°C unless otherwise specified. ' 


Typical values are specified at 25°C 


| | | NE5020 
PARAMETER TEST CONDITION ——| UNIT 
| aeons | min | Typ | Max | 


Resolution 
Monotonicity 
Relative accuracy 


Positive supply voltage 
Negative supply voltage 


Pin 1 = OV 
Pin 1 = OV 
Pin 1 = OV, 2V<Vin< 18V 
Pin 1 = OV, —-5V<Vin<0.8V 


Logic “1” input voltage 
VIN(O) Logic “O” input voltage 


| lWN(1): Logic “1” input current 
liN(O) Logic “O" input current | 


VES Full scale output voltage 


Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Bipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Vz7s Zero scaie voltage Unipolar operation 


los Output short circuit ; | | Ta = 26°C 
current | Vout = OV | 


PSR+(oyt) Output power supply V— = —15V, 13.5V<V+ 16.5V, 
rejection (+) external Vper jn = 5.000V 

| PSR—(out) Output power supply V+ = 16V, —13.5V<V—-<— 16.5V, 

rejection (—) external VRerF jn = 5.000V 


Ves Full scale output voitage 


TCes Full scale temperature VREF IN = 5.000V 
coefficient 
TCz78 Zero scale temperature 
coefficient 
NOTE 


1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Voc+ = +15V, Voc— = —15V, O°C < Ta < 70°C unless otherwise specified. ! 


Typical values are specified at 25°C 


Terr commons rei he al 


Reference output current 
Reference short circuit Ta = 26°C 
current VREF OUT = OV 


Reference power supply V— = —15V, 13.5V <= V+ <= 16.5V, 
rejection (+) IREF = 1.0mMA 
Reference power supply V+ = 15V, -—13.5V < V—- <= 16.5V, 
rejection (—) 

Reference voltage IREF = 1.0mA, Ta = 25°C 
Reference voltage IREF = 1.0mMA 
temperature coefficient 

DAC Vre_rIN input IREF = 1.0mA 
impedance 

Positive supply current Voct = 15V 

Negative supply current Voc~ = —15V 

Power dissipation IREF = 1.0mA, Voc = + 15V 


1. Refer to Figure 2. 
2. For ingg OUT greater than 3mA, an external buffer is required. 


AC ELECTRICAL CHARACTERISTICS 3 Vcc = + 15V, Ta = 25°C 


PAR TER T TEST CONDITION T 
_rameren | ro | rom eee in | tye [max | ON 


Settling time + %LSB All bits low to high4 
Settling time + % LSB All bits high to low® 
Propagation delay Output All bits switched low to high4 
Propagation delay Output All bits switched high to low5 
Propagation delay Output 1 LSB change4.5 
Propagation delay Output low to high transition® 
Propagation delay Output high to low transition?” 
Set-up time LE 3,8 
Hold time Input 3, 8 
Latch enable pulse width 3,8 

NOTES 

3. Refer to Figure 3. 

4. See Figure 6. 

5. See Figure 7. 

6. See Figure 8. 

7. See Figure 9. 

8. See Figure 10. 
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DC PARAMETRIC TEST CONFIGURATION 


21 
DIG. GND 1 


VREF IN ANA. GND 24 | 


VREF OUT —VREF IN 16 
OUTPUT 


VOUT 


Figure 2 


FULL/ZERO SCALE ADJUST— UNIPOLAR OUTPUT (0-10V) 


O VCc+ 
_  MSB LSB 
TEg LE, —— 0.47 .F 
O O OVUaeoQododoaqgooqgodqod 
21 
DIG. GND 1 
VREF IN ANA. GND 24 
VREF OUT —Vrer IN 16 
VREF ADJ OUTPUT 
VOUT O 
5K 
FULL SCALE 
ADJUST 
ZERO SCALE 


ADJUST 


Figure 4 


SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 


—— TSLH a 


OUTPUT 


Figure 6 
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AC PARAMETRIC TEST CONFIGURATION 


OUTPUT 
O 


Figure 3 


BIPOLAR OUTPUT OPERATION (-5 to +5V) 


O Vcc: 


MSB LSB 
0.47 1F 


TE2 LEy F oennmemmnaiaemenmnatimmemmmenmemesemaney 
O © OO00CDGOO0900 
21 


111098765432 
DIG. GND 1 


VREF IN ANA. GND 24 | 


VREF OUT 5020 —Vrer IN 16 
VREF ADJ 
VouT 


SUM 


BIP OFF 
18 


Voc 
Figure 5 


SETTLING TIME AND PROPAGATION DELAY, 


HIGH TO LOW DATA 


OUTPUT 


ne: 


Figure 7 


FULL SCALE 
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| PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


sie Vf 


J re» — 


OUTPUT OUTPUT 


Figure 8 Figure 9 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 


pend 


—— 1s 


Figure 10 


PMOS 


VTH= Vv + 1.4V 
TH = VPIN 1 VrH - OV 


+15V CMOS, HTL. HNIL 
TTL, OTL VTH - +7.6V 


VTH = +1.4V 
+12V TO + 15V 


1N4 148 


NE5020 1K 
, PIN 1 PIN 1 
© OIG GND (PIN 1) Be Ai 6.2K.) 10K) 
-5V TO -10V 
NOTE DO NOT EXCEED NEGATIVE 
LOGIC. INPUT RANGE OF DAC 
+5V CMOS +10V CMOS _ 10K ECL 
VtH = +2.8V VrH = +5.0V Vitw = ~1.29V 
+5V 
1.3K) 
3.6KO 
PIN 1 PIN 1 


3.6K() 0. 14F 


IN4 148 3.9K.) 


1h, 


Figure 11 
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CIRCUIT DESCRIPTION 

The NE5020 provides ten data latches, an 
internal voltage reference, application resis- 
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 


Latch Circuit 

Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE; and LE2) and ten data 
input latches. LE» controls the two most sig- 
nificant bits of data (DBg and DBg) while 
LE, controls the eight lesser significant bits 
(DB7 through DBg). Both the latch enable 
ports (LE) and he data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic ‘1’) the data in- 
puts become very high impedances and es- 
sentially disappear from the data bus. Ad- 
dressing the LE with a low (Logic ‘0’) the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) memo- 
rize’ the data bus logic states and the output 
changes to the unique output value corre- 
sponding to the binary word in the latch. 


The data inputs are inactive and high imped- 
ance (typically requiring —2uA for low (.8V 
max) or 0.1uA for high (2.0V min)) when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 


The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys- 
tem with a threshold level of + 1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 


To be compatible with a bus orientated sys- 
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and |/O con- 
trol lines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 


The independent LE (LE; and LE») lines al- 
low for direct interface from an 8 bit data bus 
(see figure 12). Data for the two MSB’s is 
supplied-and stored when LEo is activated 
low and returned high according to the 
NE5020 timing requirements. Then LE, is 
activated low and the remaining eight LSB’s 
of data are transferred into the DAC. With 
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LE, returning high the loading of ten bit data 
word from an eight bit data bus is complete. 


Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 


This can be accomplished from an 8 bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 


After preloading (via LE pre-load) the exter- 
nal latch with the two MSB values, LEo is 
activated low and the eight LSB’s and the 


NE5020 uP INTERFACE 8-BIT DATA BUS EXAMPLE 


DATA BUS 


LSB 


a eee 


Figure 12 


PRELOADING THE 2 MSB’S TO PROVIDE A SINGLE STEP OUTPUT 


74LS74 


CEpRE-LOAD 


tELoap 


8-BIT-DATA BUS 


NE5020 


Figure 13 
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two MSB’s are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 


Reference Interface 

The NE5020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex- 
cellent iong term stability characteristics 


The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VagrADUJ (pin 
14) allows trimming of the reference output. 
Utilization of the adjust circuit shown in fig- 
ure 16 performs not only Veer adjustment 
but also full scale output adjust. Notice that 
the Var¢rADJ pin is essentially the sum 
node of an op amp and is sensitive to exces- 
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the Vpag¢rADJ pin and observing good layout 
practices. 


' The Vref out node can drive loads greater 
than the DAC Veer input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load ef- 
fects on the DAC system accuracy, it is rec- 
ommended that a buffer amplifier is used. 


Input Amplifier 

The DAC reference amplifier is a high gain 
internally compensated op amp used to con- 
vert the input reference voltage to a preci- 
sion bias current for the DAC ladder net- 
work. 


Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1mA reference current through Qry with a 5 
volt VaeF. This current sets the input bias to 
the ladder network. Data bit 9 (DBg)(Qg), 
when turned on, will mirror this current and 
will contribute 1mA to the output. DBg (Qg) 
will contribute % of that value or 0.5mA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 


+ 


2VREF {DBS , DBS , DB7 
2 4 8 


DB4 
“ea + 


DBO 
” oes | 
Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically O.7V/ysec and source 


impedances at the Vper input greater than 
5kQ should be avoided to maintain stability. 


BG 


Bs 
16 


32 + 728 * 
DB2 
256 


OB) 


512 


The ~—VpeF INPUT Pin is uncommitted to al- 
low utilization of negative polarity reference 
voltages. In this mode +VpREeF INPUT is 
grounded and the negative reference is tied 
directly to the —VpeF inpUT. The -VREF 
INPUT Contains a 5k resistor that matches 
a like resistor in the +Vp_er jnpyT to reduce 
voltage offset caused by op amp input bias 
currents. 


Output Amplifier and Interface 

The NE5020 provides an on chip output op 
amp to eliminate the need for additional ex- 
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at 15V/usec and settle to within 
+ %LSB in 5usec. These times are typical 
when driving the rated loads of Ry = 5k and 
CL =< SOpF with recommended values of 
Crr = inF and Crp = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip Reg resistor. Reg is matched to RRer 
and Rpip to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increases the seitling time. 


The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi- 
tion loyr will limit at + 15mA typical. Recov- 
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 


Bipolar Output Voltage 

The NE5020 includes a thermally matched 
resistor, Rajp, to offset the output voltage 
by 5 volts to obtain —5V to +5V output volt- 
age range operation. This is accomplished 
by shorting pins 18 and 22 (see figure 14). 
This connection produces a current equal to 
(VREF IN — Vsum node) + Reip. (1mA nomi- 
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.9980mA), (2mA — 1mA)5k = SV will 
appear at the output. For zero DAC output 
currents, 1mA is still injected into sum mode 
and Voyt = —(5k)(1mA) = —5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt- 
age is now approximately +5 volts, zero 
scale adjust may be used to trim VoyuT = 
0.00 with the MSB high or Vout = —5.0V 
with all bits off. 


Zero Scale Adjustment 

The method of trimming the small offset er- 
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor Ro that 
counteracts the error current. Adjusting po- 
tentiometer R; until VoyT equals 0.000 
volts in the unipolar mode or —5.000 volts in 
the bipolar mode (see bipolar section) ac- 
complishes this trim. 


Full Scale Adjustment 

A recommended full scale adjustment circuit 
when using the internal voltage reference is 
shown in figure 16. Potentiometer Rg is 
adjusted until VoyT equals 9.99023V. In 
many applications where the absolute accu- 


BIPOLAR OUTPUT 


VREF IN 
(17} 


5K 


BIPOLAR 

OFFSET (18) 
JUMPER FOR 
BIPOLAR OPERATION 
SUM 

NODE (22) 


ip OAC 


To R-2R Ladder 


@—— CURRENT | I hoo 


FROM 
CURRENT 
SWITCHES 


Figure 14 
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racy of full scale is of low importance when __ they match and track in value closely over . 
compared to the other system accuracy fac- wide ambient temperature variations. Typi- 
tors, then this adjustment circuit is optional. cal matching is less than +0.3% which im- 
plies that typical full scale (or gain) error is 


As tesistore: AREF: rib and Fei. sown. in less than +0.3% of ideal full scale value. 


figure 1 are integrated in close proximity, 


ZERO SCALE ADJUSTMENT 


R1=20K, 10T POTENTIOMETER 
-Vee ——AA——_ + CC 


Ro = 1M0) 


(OPTIONAL) 


DAC . 
<= CURRENT OUTPUT 


10T POT 


Figure 16 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The NE5118 is a high-speed 8-bit digital to 
analog converter subsystem on one mono- 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro- . mE COMP: 


processors. APPLICATIONS REF R 
The chip also comprises a stable voitage IREF IN 
reference (5V nominal). The voltage refer- laren A converters 
ence may be externally trimmed with a po- Programmable power eupolies esos Weudnus 
tentiometer for easy adjustment of full scale, Teateucionent 
while maintaining a low temperature co-effi- ceccuan eee 
cient. Analog-digital multiplication CROEn NUMBER? 
NE5118F SE5118F 
CRT display drivers NE5118N 
High-speed modems 


8-bit resolution 

Input latches 

Low-loading data inputs 
On-chip voltage reference 
Fast settling output current— 200ns oB0 (LsB) [2 | 
Accurate to + 1/2 LSB (.19%) 
Monotonic to 8 bits 

Reference short-circuit protected 
Compatible with 8086, 6800 and many 
other uP’s Vec- 


F,N PACKAGE 


DIG GND/VLC | 1 | 122] ANALOG GND 


~VREF IN 


TOP VIEW 


The output has high voltage compliance in- 
creasing versatility. 


BLOCK DIAGRAM 


(1) 
(9) (8) (7) (6) = (5) (4) (3) (2) DIGITAL 
087 O86 OBS 0OB4 OB3 DBZ 0OB1 DBO GNO VLC 
MSBO O O O O © O O .s8 O 


O Route (18) 
LATCHES AND 


SWITCH ORIVERS 


© Routt (20) 
(12) ‘REF O lour (21) 
OUT 


DAC CURRENT 
| OUTPUT 


DAC SWITCHES 


ae 
nanan nnn AnADe 
mieeaeeeeeaae 


Vec- 
(17) 


All R values equal 5k22 and are thermally matched. Figure 1 
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ABSOLUTE MAXIMUM RATINGS 


_ PARAMETER RATING 

Vect Positive supply voltage 18 V 
Voc" Negative supply voltage —18 Vv 
VIN _ Logic input voltage 0 to 18 Vv 
VreFiN Voltage at Rrer input 12 V 
VrerADJ Voltage at Vrer adjust 0 to VreF OM 
VSUM Voltage at sum node 12 V 
IREFSC Short-circuit current 

to ground at Vagp OUT Continuous 
IREF in Reference input current (Pin 14) 3 mA 
Pp Power dissipation * 

-N package 800 mW 

-F package 1000 mw 
Ta Operating temperature range 

SE5118 —55 to +125 GC 

NE5118 0 to +70 °C 
TSTG Storage temperature range —65 to +150 °C 
TSOLD Lead soldering temperature 

(10 seconds) 300 °C 


oo 


*NOTES 


For N package, dervate at 120°C/W above 36°C 
For F package, derate at 75° C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS Voct = +15V, Voc— = —15V, SE5118. -55°C < Tp < 125°C, 
NE5118.0°C < Tag = 70°C unless otherwise specified. 
Typical values are specified at 25°C 


NES118 


ro UNIT | 


PARAMETER | TEST CONDITIONS 


Resolution 
Monotonicity 
Relative accuracy 


Voct Positive supply voltage - 
Voc~ Negative supply voitage = : 


Pin 1 = OV 
Pin 1 = OV 
Pin 1 = OV, 2V<Vin<18V 
Pin 1 = OV, —5V<Vin<0.8V 


Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 


VIN(1) Logic “1” input voltage 
VIN(O) Logic “O” input voltage » 


1 WNG1) Logic “1” input current 
lIN(O) Logic “O” input current 


lFS 


Full scale output current 


IZS Zero scale current | ; 
VREF Reference IREF = 1mMA 
voltage Ta = 25°C 


V— = —15V, 13.5V<V+<16.5y, | 

external VrReF in = §.000V 
V+ = 16V, -13.5V<V—-<— 16.5V, 
external VREF In = 5.000V 


VREFiy = 5.000V' 


PSR+(out) Output power supply 
rejection (+) 

PSR~(out) Output power supply 

rejection (—) 


Full scale temperature 
coefficient 
TCz2s Zero scale temperature 


IREFiy = 1-00mA? 
coefficient 


NOTES 


1. This is for voltage out only. See Unipolar Voltage Output achematic. 
2. Thia is for current output mode. 
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8-BIT ».P-COMPATIBLE D/A CONVERTER— CURRENT OUTPUT SE/NE5148 


DC ELECTRICAL CHARACTERISTICS (Cont'd) Voc+ = +15V, Voc— = —15V, SE5118. —55°C =< Ta < 126°C, 
NE5118. O°C < Ta =< 70°C unless otherwise specified. 
Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS 


IREF ‘Reference output current Note 1 
IREFSC Reference short circuit ‘Ta = 25°C 
current VREF OuT = OV 


Reference voitage 
temperature coefficient 


ZIN DAC RreeiN input 
impedance 


Positive supply current Voct = 15V 
Negative supply current Voc7— = —15V 
PD Power dissipation REF = 1.0mA, Voc = + 15V 


AC ELECTRICAL CHARACTERISTICS Vcc = + 15V, Ta = 25°C 


SE/NE5118 
[Min | typ | Max 
All bits Low-to-high 200 ns 
All bits High-t8-low 200 ns 

All bits switched Low-to-high 60 ns 

All bits switched High-to-low 60 ns 

60 ns 

Low-to-high transition 60 ns 

High-to-low transition 60 ns 
LE input 100 ns 
Input LE 50 ns 


TEST CONDITIONS 


Ts_H Settling time + % LSB 
TSHL Settling time + % LSB 


tpLH Propagation delay 

tpHL Propagation delay 
tpLsB Propagation delay 
tpLH Propagation delay 
tpHL Propagation delay 


1 LSB change 


ts Set-up time 
th Hold time 
tow Latch enable pulse width 


NOTES 
1. For reference currents > 3mA, use of an external buffer is required. 
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LINEAR LSI PRODUCTS 


8-BIT .P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT 


BIPOLAR OUTPUT OPERATION (—1mA TO +1mA) 


8765 4 3 
15 REFR 


12 VaeF OUT 
20 RouT1 


FULL WV 
SCALE REF ADJ 
16 17 


FAST VOLTAGE OUTPUT 


0.01nF 6 = 0.47 ;:F 
Voc— 


DATA INPUT CODE 


00000000 OV 
Eo Ae Ae we SE et 4 —10V 


Pin 20 tied to OV 
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~ SE/NE5148 


UNIPOLAR VOLTAGE OUTPUT (0 —>+10V) 


cet 


Mos tS6 0.474F 
OQQIgd0odddND O V 


98 7 6 5 4 3 2 19 
10 DIG. GND 1 


15 REFR ANA. GND 22 


12 VREF OUT 


11 VREF ADJ 


FULL SCALE 
ADJUST 


ay 
0.01;,.F © 0.47 ,F 7 cc —_— 

ghee 
: sii ZERO SCALE 


—Vec 


BASIC UNIPOLAR CURRENT OUTPUT (0 —>-2mA) 


Vect 
‘e) 
te a MSS tse 0.47;:F 
5 009090000 0e oes 
19 
DIG. GND 1 O 
O ANA. GND 22 O 
© 
wei a a 12 VREF OUT 
ONC 
10T O 11 VREF ADJ 
80K NC 
FULL SCALE : TT 
ADJUST DAC COMP. [LOAD | 
16 17 = 
O ©) dS 
O ‘ 
0.01KF Ne Vv + 
OT 0.47 .F — cc 
Voc—L. 
= 20K 2 1M? 
10T 


ZERO SCALE ADJUST 
Voo- 


LINEAR LSI PRODUCTS 


8-BIT »P-COMPATIBLE D/A CONVERTER— CURRENT OUTPUT SE/NE51419 


DESCRIPTION FEATURES PIN CONFIGURATION 
The SE/NE5119 is a high-speed 8-bit digital to 


e 8-bit resolution 
analog converter subsystem on one mono-  ¢ Input latches F,N PACKAGE 
lithic chip. The data inputs have iput latches, e Low-loading data inputs 
controlled by alatch enable pin. Thedataand On-chip voltage reference vic Gnovvic [7] 2] ANALOG GND 
latch enable inputs are ultralow loading for ¢ Fast settling output current—200ns seicien 
easy interfacing with all logic systems. The e Accurate to + 1/4 LSB (.1%) . 
latches appear transparent when the LE input» Monotonic to 8 bits 
is in he low state. When LE goes high, the Reference short-circuit protected 
input data present at the moment or transition Compatible with 8086, 6800 and many 
is latched and retained until LE again goes other uP’s 
low. This feature allows easy compatibility 
with most microprocessors. [16] DAC COMP. 
APPLICATIONS 
The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer- © Precision 8-bit D/A converters 
ence may be externally trimmed with a po- © A/D converters Le ~VREF IN 
tentiometer for easy adjustment of fullscale, ¢ Programmable power supplies VREF ADJ VREF OUT 
while maintaining a low temperature co-effi- ° Test equipment SOP VIEW 
cient. e Measuring instruments 
e Analog-digital multiplication ORDER NUMBERS 
3 : NE5119F = SE5119F 
The output has high voltage compliance in- e CRT display drivers NES5119N 
e 


creasing versatility. High-speed modems 


BLOCK DIAGRAM 


(1) 

(9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 
DB7 DB6 DBS DB4 DB3 OB2 0B1 DBO GND’ VLC 
MSBQO OF 90 0 0 90 90 OLSB O 


O RouT2 (18) 
LATCHES AND 


SWITCH DRIVERS 


O Rout 1 (20) 
(12) VREFG O tour (21) 
out 


DAC CURRENT 
| OUTPUT 


DAC SWITCHES 


mo 
aaa 


Voc- 
(17) 


Ali R values equal 5k!) and are thermally matched. 


Figure 1 
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LINEAR LSI PRODUCTS 


8-BIT .P-COMPATIBLE D/A CONVERTER—CURRENT OUTPUT _—SE/NE5449 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Voct Positive supply voltage 18. 
Vcoc- Negative supply voltage —-18 
VIN Logic input voltage Oto 18 
VrReFiN Voltage at Rrer input 12 
VrReFADJ Voltage at Vage adjust O to VReF 
VSUM Voltage at sum node 12 
IREFSC Short-circuit current 

to ground at Vpagr OUT Continuous 
IREF Ww Reference input current (Pin 14) 3 
Pp Power dissipation® _ 

-N package 800 

-F package 1000 
TA Operating temperature range 

SE5119 —55 to +125 

NE5119 0 to +70 
TSTG Storage temperature range —65 to +150 
TSOLD Lead soldering temperature | 

(10 seconds) 300 


*NOTES 


For N package, derate at 120°C/W above 35°C 
For F package, derate at 75° C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS Vcct = +15V, Voc— = —15V, SE5119. -55°C < Ta < 125°C, 
NE5119.0°C < Ta < 70°C unless otherwise specified. 
Typical values are specified at 25°C 


PARAMETER . TEST CONDITIONS | sesito | Nest19 UNIT 

| pamaweren | esr conmmons feet | Typ | Max | Min | Typ Ee 
Resolution . i 

Monotonicity 

Relative accuracy 


Vect Positive supply voltage 
Voc Negative supply voitage 


VIN(1) Logic “1” input voltage Pin 1 = OV 

VIN(O) Logic “O” input voltage Pin 1 = OV 

HN(1) Logic “1” input current Pin 1 = OV, 2V<Vin< 18V 
HIN(O) Logic “O” input current Pin 1 = OV, -5V<Vin<0.8V 
l|es Full scale output current 


Unipolar operation 
VREEF IN = 5.000V, Ta = 25°C | 


Izs Zero scale current 


VREF Reference 
voltage 


PSR+ (out) Output power supply 
rejection (+) 

PSR~(out) Output power supply 

rejection (—) 


V— = -15V, 13.5V<=V+< 16.5V, 
external VREF IN = 5.000V 
V+ = 18V, -13.5V<V—-<-—16.5V, 
external VReF in = 5.000V 


VREF\n = §.000V' 


Full scale temperature 
coefficient 
TCz7s Zero scale temperature 


IREFiy = 1.00mA? 
coefficient 


NOTES 


1. This is for voltage out only. See Unipolar Voltage Output schematic 
2. This is for current output mode - 
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LINEAR LS! PRODUCTS 


8-BIT ,.P-COMPATIBLE D/A CONVERTER — CURRENT OUTPUT SE/NE5119 


DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct+ = +15V, Voc— = —15V, SE5119. —55°C =< Ta < 125°C, 
NE5119.0°C < Ta < 70°C unless otherwise specified. 
Typical values are specified at 25°C 


eee nan tem ar 8 wee tenet presen ate eenntnpsnntrteset ee on taanamrvnseerven rear : aera rere rest ORO eh aS me with mi CaN net he tet 2 aren aroma neh escent ttn me tented ttre Ao aaenanaret ewes 


SE5119 NE5119 
PARAMETER TEST CONDITIONS 
IREF Reference output current Note 1 
IREFSC Reference short circuit TA = 25°C 
current VREF ouT = OV 
PSR+ (REF) Reference power supply | V— = —15V, 13.5V < V+ < 16.5V, 
rejection (+) IREF = 1.0mMA 
PSR-(REF) Reference power supply | V+ = 15V, -13.5V < V— < 16.5V, 
rejection (—) IREF = 1.0mA 
Reference voltage IREF = 1.0mMA 
temperature coefficient 
DAC RregiN input 
impedance 
Positive supply current Voct = 15V 
icc- Negative supply current Voc = —15V 


Power dissipation IREF = 1.0MA, Voc = +15V 


AC ELECTRICAL CHARACTERISTICS Vcc = + 15V, Ta = 25°C 


-SE/NE5119 
PARAMETER TO FROM TEST CONDITIONS UNIT 
eet 
TstH Settling time All bits Low-to-high 200 ns 
TSHL Settling time All bits High-to-low 200 ns 


tpLH Propagation delay All bits switched Low-to-high 60 
tpH_ Propagation delay All bits switched High-to-low 60 
tpLSB Propagation delay 1 LSB change 60 
tpLH _ Propagation delay Low-to-high transition 60 | 
tpHi_ Propagation delay High-to-low transition 60 


ts Set-up time LE 100 

th Hold time Input 50 

tow Latch enable pulse width 150 
NOTES 


1. For reference currents > 3mA, use of an external buffer is required. 
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LINEAR LSI PRODUCTS 


8-BIT uP-COMPATIBLE D/A CONVERTER—CURRENT OUTPUT | SE/NES419 


BIPOLAR OUTPUT OPERATION (—1mA TO +1mA) UNIPOLAR VOLTAGE OUTPUT (0 —>+ 10V) 


Vect+ 
9 Co 


LSB 
O90909790900 90 


98765 4 3 2 
10 


15 REFR 


12 Vref OUT 


12 VREF OUT 
5118/9 


5118/9 
20R 
ony 11 VREF ADJ 


11 VREF ADJ 
DAC COMP. 
16 17 


a 
AL - 
ADJUST FULL SCALE 


AQJUST 


5K 


0.47 .F = O¥ec = 


0.01nF O 
vec = 


- 20K 
10T 


ZERO SCALE 
Mi) ADJUST 


—VCC 


FAST VOLTAGE OUTPUT BASIC UNIPOLAR CURRENT OUTPUT (0 —~-—2mA) 


5118/9 


12 VREF OUT 
5118/9 
111 VREF ADJ 


FULL SCALE 
ADJUST DAC COMP. 
16 


Hi-Z LOAD 
(| -50K‘)) 
17 


DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 


0000000 0 
VOD DAS AS Dp | 


ZERO SCALE ADJUST 
Voc 


Pin 20 tied to +10V | Pin 20 tied to OV 
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LINEAR LSI PRODUCTS 


10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


DESCRIPTION 


The NE5410/SE5410 are 10-Bit Multiplying 
Digital-to-Analog Converters pin-and- 
function compatible with the industry- 
standard MC3410, but with improved per- 
formance. These are capable of high- 
speed performance, and are used as 
general-purpose building blocks in cost- 
effective D/A systems. 


The NE/SE5410 provides complete 10-bit 
accuracy and differential nonlinearity over 
temperature, and a wide compliance volt- 
age range. Segmented current sources, in 
conjunction with an R/2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and voitage reference 
have been omitted to allow greater speed, 
lower cost, and maximum user flexibility. 


APPLICATIONS 


e Successive approximation A/D 
converters 

High-speed, automatic test equipment 
High-speed modems 

Waveform generators 

CRT displays 

Strip CHART and X-Y plotters 
Programmable power supplies 
Programmable gain and attenuation 


BLOCK DIAGRAM 


FEATURES 


¢ Pin-and-function compatible with 
MC3410 

e 10-bit resolution and accuracy 
(+ 0.05%) 

e Guaranteed differential non-linearity 
over temperature 

e Wide compliance voltage range— — 2.5 
to + 2.5V 

¢ Fast settling time—250ns typical 

¢ Digital inputs are TTL and CMOS 
compatible 

e High-speed multiplying input slew rate 
—20mAlus 

¢ Reference amplifier internally 
compensated 

e Standard supply voltages +5V and 
— 15V 


ABSOLUTE MAXIMUM RATINGS T, = + 25°C unless otherwise noted 


Power Supply 


Digital Input Voltage 
Applied Output Voltage 
lReriie) Reference Current 
Vrer Reference Amplifier Inputs 
Vrerio) Reference Amplifier Differential Inputs 
Operating Temperature Range 
SE5410 
NE5410 
Junction Temperature 
Ceramic Package 
Piastic Package 


MSB LSB 
D; D2 03 Da Ds Dg Dr Dg Og Dio 
0000000000 


Vree(+)O 


15 
Vrer(-)O BIAS 
CIRCUITRY 


REFERENCE 
CURRENT 


AMPLIFIER 


SE/NE5410 


PIN CONFIGURATION 


F PACKAGES 


TOP VIEW 


+ 7.0 
— 18 
+15 

+4, —5.0 
2.5 


Voc: Vee 
0.7 


—55 to +125 
Oto +70 


+175 
+ 150 
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LINEAR a PRODUCTS 


40- BIT HIGH- SPEED MULTIPLYING DIA CONVERTER 


SE/NE5440 


DC ELECTRICAL CHARACTERISTICS V.c= +5.0Vdc, Veg= — 15Vde, Iper = 2.0mA, all digital inputs at high logic level. 


SYMBOL AND PARAMETER 


Relative accuracy (Error 


relative to full scale IQ) 


Differential non-linearity 


Settling time to within 


ts + V2 LSB (all bits low to high) 
tPLH Propagation delay time 
TRHL | 
TClo Output full scale current drift 
Digital Input Logic Levels 
V (All bits) 
is High Level, Logic “1” 
Low Level, Logic ‘‘0” 
Digital Input Current (All bits) 
ne High Level, Vin= 5.5V 
bie Low Level, V,, = 0.8V 
Reference Input Bias Current 
REF(15) (Pin 15) 
lor Output Current (All bits high) 
lor | Output Current (All bits low) 
Vo Output Voltage Compliance 
SR lace Reference Amplifier Slew 


Rate 


Reference Amplifier Settling 
Time 


Output Current Power Supply 
Sensitivity 


Output Capacitance 


Digital Input Capacitance 
(All bits high) 


Power Supply Current 
(All bits low) 


Power Supply Voltage Range 


Power Consumption 


4-90 


SE5410: Ta= —55°C to + 125°C, NE5410 Series: Ty=O0°C to + 70°C 
unless otherwise noted. 


+ 0. or +0.05 
Over temperature oe aT ‘ 13 
Over temperature + 0.025 


40 


ppm/°C 


< 
a. 
i?) 


co 
20 = 
ite 


> 


i" play 


” Vace = 2.000V, 


Rig = 10000 oeet 


3.996 


o | 
pp 
. = 
> 


T,= 25°C 
E, < 0.05% 
relative to full scale 


0 to 4.0mMA, +0.1% 


nN 
© 


+ | 
N PO foe 
oo 
< 
Q. 
i?) 


0.003 0.01 


| 
+| 5 | 
© 


ze 
> 
3 
> 
| 


~12 ~ 18 
Ta = 25°C + 4.75 + 5.0 + 5.25 Vde 
Vo= — 14.25 -— 15 — 15.75 


LINEAR LS! PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


TYPICAL PERFORMANCE CHARACTERISTICS 


eee a 
elated ceases 4 Sle alec 


COMPLIANCE VOLTAGE (VOLT) 


Figure 1. Output Current vs. Output Compliance Voltage 


- Vee= — 15V 
Irnep = 2 MA 


icc, lee, POWER SUPPLY CURRENT (mA) 


0 
-75-50-25 0 25 50 75 100 125 
Ta (°C) 


Figure 3. Power Supply Currents vs. Temperature 


+Voc = +5V 
~ Veg = — 15V 


lInep = 2 MA 


OUTPUT COMPLIANCE VOLTAGE (VOLTS) 


Ta (°C) 


Figure 2. Maximum Output Compliance 
Voltage vs. Temperature 


SMALL-SIGNAL BW 
fo = 1002 
Vaer( +) = 50 mVp5. 
oo LT LT A 
) beter | ot 
ll et | TY 
NALA 
LARGE SIGNAL BW \| 
To = 202 
Vrer(+)=2 Vop 


RELATIVE OUTPUT (dB) 


12 
0.1 0.20305 10 203.0 50 10 
f, FREQUENCY (MHz) 


-75-50-25 0 25 50 75 100 125 


SE/NE5410 


Figure 4. Reference Amplifier Frequency Response 
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LINEAR LS] PRODUCTS 


SE/NE54410 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


y 


CIRCUIT DESCRIPTION 


The NE5410 consists of four segment cur- 
rent sources which generate the 2 Most 
Significant Bits (MSBs), and an R/2R DAC 
implemented with ion implanted resistors 
for scaling the remaining 8 Least Signifi- 
cant Bits (LSBs). (See Figure 5.) This 
approach provides complete 10-bit accur- 
acy without trimming. 


The individual bit currents are switched 


ON or OFF by fully differential current | 


switches. The switches use current steer- 
ing for speed. 


An on-chip high-slew reference current 
amplifier drives the R/2R ladder and seg- 
ment decoder. The currents are scaled in 
such a way that, with all oits on, the max- 
imum output current is two times 1023/ 
1024 of the reference amplifier current, or 
nominally 3.996mA for a 2.000mA refer- 


SEGMENT 
DECODER 
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ence input current. The reference amplifier 
allows the user to provide a voltage input: 
Out-board resistor R16 (see Figure 6) con- 
verts this voltage to a usable current. A cur- 
rent mirror doubles this reference current 
and feeds it to the segment decoder and 
resistor ladder. Thus, for a_ reference 
voltage of 2.0 Volts and a 1k0 resistor tied 
to Pin 16, the full scale current is approx- 
imately 4.0mA. This relationship will remain 
regardiess of the reference voltage polarity. 


Connections for a positive reference volt- 
age are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R15 can be tied to a negative volt- 
age corresponding to the minimum input 
level. For a negative reference input, R16 
should be grounded (Figure 6b). In addi- 
tion, the negative voltage reference must 
be at least 3V above the Ve; supply volt- 


(7) (8) (9) 
Ds 
O 


age for best operation. Bipolar input sig- 
nals may be handled by connecting R16 to 
a positive voltage equal to the peak posi- 
tive input level at Pin 15. 


When a dc reference voltage is used, 
capacitive bypass to ground is recom- 
mended. The 5V logic supply is not recom- 
mended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should 
be decoupled .by connecting it to the 
+5.0V logic supply through another 
resistor and bypassing the junction of the 
two resistors with a 0.1ynF capacitor to 
ground. 


The reference amplifier is internally com- 
pensated with a 10pF feed-forward capac- 
itor, which gives it its high slew rate and 
fast settling time. Proper phase margin is 
maintained with all possible values of R16 
and reference voltages which supply 


CODE SELECTED 0111110011 


Figure 5. NE5410 Equivalent Circuit 


LINEAR LSI PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER | SE/NE5410 


2.0MA reference current into Pin 16. The 
reference current can also be supplied by 
a high impedance current source of 
2.0mA. As R16 increases, the bandwidth 
of the amplifier decreases slightly and 
settling time increases. For a current 
source with a dynamic output impedance 
of 1.0MQ, the bandwidth of the reference 
amplifier is approximately half what it is in 
the case of R16= 1.0kQ, and settling time 
is =10us. The reference amplifier phase 
margin decreases as the current source 
value decreases in the case of a current 
source reference, so that the minimum ref- 
. erence current supplied from a current 
ms ak source is 0.5mA for stability. 


Rio+ Rr= Ros Rar OUTPUT VOLTAGE 
is he aa ine Vaceinnes COMPLIANCE 


The output voltage compliance ranges 
| from —2.5 to +2.5V. As shown in Figure 
a) POSITIVE REFERENCE VOLTAGE 2, this compliance range is nearly con- 
stant over temperature. At the tempera- 
ture extremes, however, the compliance 
voltage may be reduced if Veg > — 15V. 


ACCURACY 


Absolute accuracy is a measure of each 
output current level with respect to its 
intended value. It is dependent upon rela- 
tive accuracy and full scale current drift. 
Relative accuracy, or linearity, is the 
measure of each output current with re- 
spect to its intended fraction of the full 
scale current. The relative accuracy of the 
NE5410 is fairly constant over tempera- 
ture due to the excellent temperature 
tracking, of the implanted resistors. The 
full scale current from the reference 


D, THROUGH amplifier may drift with temperature caus- 
Dio ing a change in the absolute accuracy. 
2 However, the NE5410 has a low full scale 
Ri5 + Rr = Rig : ; 
Rr< < Ris current drift with temperature. 
Vaer = Vee +3V , The SE5410 and the NE5410 are accurate 


to within + 1/2 LSB at 25°C with a refer- 
ence current of 2.0mA on Pin 16. 


b) NEGATIVE REFERENCE VOLTAGE 


MONOTONICITY 


The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means 
that for every increase in the input digital 
code, the output current either remains 
the same or increases but never 
decreases. In the multiplying mode, where 
Figure 6. Basic Connections reference input current will vary, mono: 
tonicity can be assured if the reference in- 
put current remains above 0.5mA. 
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LINEAR LS! PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


SE/NE5410 


SETTLING TIME 


The worst case switching condition 
occurs when all bits are switched “on,” 
which corresponds to a low-to-high transi- 
tion for all bits. This time is typically 250ns 
for the output to settle to within + 1/2 LSB 
for 10-bit accuracy, and 200ns for 8-bit 
accuracy. The turn-off time is typically 
120ns. These times apply when the output 


swing is limited to a small (<0.7 Volt) 


swing and the external output capacitance 
is under 25pF. 
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The major carry (MSB off-to-on, all others 
on-to-off) settles in approximately the 
same time as when all bits are switched 
Off-to-on. 


lf a load resistor of 625 Ohms is con- 
nected to ground, allowing the output to 
swing to —2.5 Volts, the settling time in- 
creases to 1.5ys. 


Extra care must be taken in board layout 


as this is usually the dominant factor in- 


satisfactory test results when measuring 


settling time. Short leads, 100,F supply by- 
passing, and minimum scope lead length 
are all necessary. 


A typical test set-up for measuring set- 
tling time is shown in Figure 7. The same 
set-up for the most part can be used to 
measure the slew rate of the reference 
amplifier (Figure 9) by tying all data bits 
high, pulsing the voltage reference input 
between 0 and 2V, and using a 5000 load 
resistor R,. 


RISE AND FALL TIMES < 10ns 


ts — 250ns TYPICAL 
TO =1/2 LSB 


USE R, TO GND FOR TURN-OFF MEASUREMENT 


Figure 7. Settling Time 


Figure 8. Propagation Delay Time 


FOR SETTLING TIME 
MEASUREMENT. 
\ (ALL BIT SWITCHED 
‘ "LOW TO HIGH) 


RISE AND FALL TIMES < 10ns 


tPHL 


FOR PROPAGATION 
DELAY TIME 


LINEAR LSI PRODUCTS 


10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER — SE/NES4410 


Vaer( +) 


—2V 
am gp es 


2.0V 


Vrer(+) 


SLEW RATE 


ts = 2us TYPICAL 
TO +0.1% 


USE R, = 202 TO GND FOR 
SLEW RATE MEASUREMENT 


Figure 9. Reference Amplifier Settling Time and Slew Rate 


Ro = Rr + Re = 2.5k0 Ro = Ry + Re = 2.5k2 
F.S. ADJ Rr << Rr F.S. ADJ Ry << Re 


Rarer 


e 
- 15V 


a) Bipolar Output (-10 to +10V) b) Unipolar Positive Output (0-10V) 


Figure 10. Voltage Output Circuits 
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LINEAR LS! PRODUCTS 


40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER -S—SCS~*«SSE/NE SAO 


ANALOG 
INPUT 
(0-10V) 


+5Vde 
10-BIT CONVERSION TIME = 3.3.8 WITH 3MHz CLOCK. 


THIS CONVERTER USES A 2504 12-BIT SUCCESSIVE APPROXIMATION 
REGISTER IN THE SHORT CYCLE OPERATING MODE WHERE THE END OF 
CONVERSION SIGNAL IS TAKEN FROM THE FIRST UNUSED BIT OF THE 
SAR (Q40). . 


Figure 11. Successive Approximation A/D Converter 


7 
6 
5 
4 
3 
2 
i 
0 


SIGNALS 


FROM uP 


CONTROL E2 
1 


3 
Q2 


1/2 LS375 


D Q3 


1 
Eo,4 


05050500858 
OOK 
weteteterere 


WITH THIS DOUBLE LATCH TECHNIQUE, VALID DATA WILL BE LATCHED TO 
THE DAC UNTIL UPDATED WITH THE E2 PULSE. TIMING WILL DEPEND ON 
THE PROCESSOR USED. 


Figure 12. 8-Bit .P Bus Interface 
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40-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 


2.5k 16 
2.5k 45 


: = LSB CCC 
our CO er 
Qo 


Qo 


START OF RST 10-BIT COUNTER CP < 


 SEINE54410 


Vin FULL SCALE = 4 mA (Ry + Rr) (tees) 


Figure 13. Staircase A/D 
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LINEAR LSI PRODUCTS 


eo 


SELECTOR GUIDE 


“ eT SU RR EE RE SPECS 
aaa te A es ct eA et Cn Pe a Ae a JN TA OC At A TCA TR rR LET AN A TA ALT RE SAPO AE AT ROT 
Farce: ree ne re RP RT a A ET OR ET PATE OR al a SE RE a POP ORNL OY RNS TE PE A A A OT ROC NN OT TT 


COMPARATORS 


COMMON | output VOLTAGE 


SUPPLY RESPONSE| MODE 
COM- TEMP. BIAS OFFSET VOLTAGE TIME VOLTAGE | Vo, Max. Voy, Min.; OUTPUT ; TTL 
DEVICE | PLEXITY | RANGE’ (uA) (pA) (Typ.) (ns) | RANGE (V) (V (V) STRUCTURE FANOUT 
LM111! M 5 
LM2141 | 5 
LM3114 Cc +5 and GND 5 
NE5272 cS +5to +10 5 
SE527 M and GND 5 
NE529° C +5to +10 5 
SE529 M and GND 5 
LM1192 M +15 2 
LM219 | to 2 
LM319 Cc +5 and GND 2 
LM1932 M +1to +18 r, 
LM293 { or 2 
LM393 Cc +2to +36 GND 2 
LM2903 | 2 
_ | SE/NES5214 M/C +5, -5, GND 12 

SE/NE522 M/C +5, -5, GND 12 
LM139° M 2 
LM239 I +1to +18o0r 2 
LM339 Cc +2to +36 2 
iM2901 { 2 
MC33028 | +210 +28 GND 2 
Notes: 

1. With strobe, will work from single supply. “Temperature Range 

2. Complementary output gates with individ.'al strobes. | = industrial 

3. Will operate from single or dual supplies. C = Commercial 

4. Ultra-high speed. M = Military 
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VOLTAGE COMPARATOR 


LM411/2144/344 


DESCRIPTION 


The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
A710. They are designed to operate overa 
wider range of supply voltages; from 
standard +15V op amp supplies down to 
the single 5V supply used for IC logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt- 
ages up to 50V at currents as high as 50mA. 


Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR’ed. Although slower than 
the uA710 (200ns response time vs 40ns) 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the “A710 
series. 


FEATURES 


© Operates from single 5V supply 

¢ Maximum input bias current: 150nA 
(LM311 - 250nA) 

¢ Maximum offset current: 20nA (LM311 - 
50nA) 

¢ Differential input voltage range: +30V 

® Power consumption: 135mW at +15V 

¢ High sensitivity—200V/mV 


ABSOLUTE MAXIMUM RATINGS 


Total supply voltage 
Output to negative supply voltage: 


LM111/LM211 
311 
Ground to negative supply voltage 


Differential input voltage 
Input voltage! 
Power dissipation2 
Output short circuit duration 
Operating temperature range 
LM111 
LM211 
LM311 
Storage temperature range 
Lead temperature 
(soldering, 10sec) 


APPLICATIONS 


Zero crossing detector 

Precision squarer 
Positive/negative peak detector 
Low voltage adjustable reference 
supply 

Switching power amplifier 


EQUIVALENT SCHEMATIC 


BALANCE/ 
STROBE BALANCE 


INPUTS 


-55 to +125 
~25 to +85 
0 to +70 
-65 to +150 
300 


Q22 
R19 <$ R18 
250 ¢ 200 


PIN CONFIGURATION 


D, FE, N PACKAGE 


GND [i] a) V+ 
INPUT el OUTPUT 


INPUT [3| [6] BAL/STROBE 


v- [4] 15] BALANCE 


ORDER PART NO. 
LM211N/LM311N 
LM311D 
LM111FE/LM211FE/LM311FE 


4-99 


LINEAR LS! PRODUCTS 


VOLTAGE COMPARATOR 


LM444/244/344 


DC ELECTRICAL CHARACTERISTICS 123 


PARAMETER TEST CONDITIONS 


Input offset voltage4 
Input offset current4 
Input bias current 
Voltage gain 


Response times 
Saturation voltage 


Ta = 25°C, Rs <= 50kN 
Ta = 25° 
Ta = 25° 


Ta = 25°C 
Vin S -5mV, lout = 50mA 
Ta = 25°C 
Ta = 25°C 
Vin = 5mV, Vout = 35V 
Ta = 25°C, IstRoBe = 3MA 


Strobe on current 
Output leakage current 


Input offset voltage4 


Input offset current4 
Input bias current 


Input voltage range 
Saturation voitage 


V= + 15V (Pin 7 may go to 5V) 
V+ => 4.5V, V-=0 
Vin S -6MV, Isink < BMA 


Output leakage current Vin 2 5mV, Vout = 35V 


Positive supply current 
Negative supply current 


NOTES 


1. This rating applies for +15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311 is 110°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150°C/W, junction to ambient, in the N package, a thermal resistance of 
162° C/W, and °C/W for the Ceramic package. The maximum junction temperature of 
the LM111 is 150°C, while that of the LM211 is 110°C. For operating ai elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150°C/W, junction to ambient. The thermal resistance of the Cerdip 
package is 110°C/W, junction to ambient. 


TYPICAL APPLICATIONS 


ZERO CROSSING DETECTOR 
DRIVING MOS LOGIC 


MAGNETIC 
PICKUP 


4-100 


OU ees 


LM111/LM211 LM311 


Sees ee) na al 
| mv 


3.0 
10 


: mV 
nA 
100 nA 


. These specifications apply for Vs = +15V and 0°C < Ta < 70°C unless otherwise 


specified. With the LM211, however, all temperature specifications are limited to _ 
-25°C < Tas 85°C and for the LM111 is limited to -55°C < Ta < 125°C. The offset 
voltage, offset current and bias current specifications apply for any supply voltage 
from a single 5V supply up to +15V supplies. 


. The offset voltages and offset currents given are the maximum values required to drive 


the output within a voit of either supply with 1mA load. Thus, these parameters define 
an error band and take into account the worst case effects of voltage gain and input 
impedance. 


. The response time specified is for a 100mV input step with 5mV overdrive. 
. Do not short the strobe prin to ground; it should be current driven at 3mA to SmA. 


TTL INTERFACE WITH HIGH 
LEVEL LOGIC 


DETECTOR FOR MAGNETIC 
TRANSDUCER 


“Values shown are for a 0 to 30V logic swing and 
a 15V threshold. ; 


+May be added to control speed and reduce 
susceptability to noise spikes. 
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DUAL VOLTAGE COMPARATOR 


LM119/219/3419 


DESCRIPTION 


The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper- 
ate over a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
A710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, OTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. 


Although designed primarily for applica- 
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci- 
fied for power supplies up to +15V. It fea- 
tures faster response than the LM111 at the 
expense of higher power dissipation. How- 
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de- 
vices like the »A711. 


The LM119 is specified from -55°C to 
+125°C, the LM219 is specified from -25°C 
to +85°C, and the LM319 is specified from 
0°C to +70°C. 


EQUIVALENT SCHEMATIC 


need 


FEATURES 


Two Independent comparators 
Operates from a single 5V supply 
Typically 80ns response time at +15V 
Minimum fan-out of 3 (each side) 
Maximum input current of 1A over 
temperature 

Inputs and outputs can be isolated from 
system ground 

High common mode siew rate 
MIL-STD-883 A, B, C available 


R4q 13k 


PIN CONFIGURATIONS 


D,F,N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
LM219F 


LM119F LM319D.F.N 


H PACKAGE* 


OUTPUT 1 — INPUT 2 


ORDER NUMBERS 
LM119H LM219H LM319H 


*Metal cans (H) not recommended for new designs 


Ry2 13k 
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DUAL VOLTAGE COMPARATOR LM4119/2419/349 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Total supply voltage 36 
Output to negative supply voltage 36 
Ground to negative supply voltage | 25 
Ground to positive supply voltage 18 
Differential input voltage +5 
Input voltage! +15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM119 ~55 to +125 

LM219 -25 to +85 

LM319 0 to +70 
Storage temperature range -65 to +150 
Lead temperature (soldering, 10sec) 300 


NOTES 


1. For supply voltages less than +15V, the absolute maximum rating is equal to the 
supply voltage. 

2. The absolute maximum junction temperature is 150°C. Device dissipation must be 
derated as follows: 
K package—150°C/watt above 75°C 
F package —110°C/watt above 95°C 


DC ELECTRICAL CHARACTERISTICS Vs = +15V, for LM119, -55°C < Ta < 125°C 
LM219, -25°C < Ta < 85°C unless otherwise specified. 
LM319, 0°C < Ta < 70°C 


| Min | Typ | Max | Min | Typ | Max _ 


8.0 mV 
10 mV 


Ss Input offset current1.2 Ta = 26°C 
Over temp. 

| Input bias current! Ta = 25°C © 
Over temp. 


A Voltage gain Ta = 25°C 


Vo 


O 

lo 
B 

Vv 


| Vos Input offset voltage!.2 Rs < 5KQ, Ta = 25°C 0.7 4.0 
Over temp. 7 
L 


ViIn=5mV, lout = 25mA, Ta =25°C 
VIN = 10mV, lout = 25mA, Ta = 25°C 
V+ > 4.5V, V- =0 
Vin = BMV, lout = 3.2mA 
Ta 20°C 
Ta <0°C 
Vin = 10mV, lout = 3.2mA 
V- = OV, Vin = 5mV 
Vout = 35V, Ta = 25°C 
Over temp. 

V- = OV, Vin = 10mV 
Vout = 35V, Ta = 25°C 


VIN Input voltage range Vs = t15V 
_ V+ = 5V, V- = 0V 
Vio___Differential input voltage | 


Positive supply current V+ = 5V, V- = OV, Ta = 25°C 
Positive supply current Vs = +15V, Ta = 25°C 
Negative supply current Vs = t15V, Ta = 25°C 


Saturation voltage 


IOH Output leakage current 


NOTES 
1. Vos, los and Ig specifications apply for a supply voltage range of Vg =+15V downtoa 2. The offset voltages and offset currents given are the maximum values required to drive 
single 5V supply. the output to within 1 volt of either supply with a 1mA load. Thus these parameters 


define an error band and take into account the worst case effects of voltage gain and 
input impedance. 
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DUAL VOLTAGE COMPARATOR LM119/2419/319 
AC ELECTRICAL CHARACTERISTICS TEST CIRCUIT 


PARAMETER TEST CONDITIONS 


RESPONSE TIME 
MEASUREMENT 


Response time’* Vs =t15V, Ta = 25°C 
Ri_ = 5002 (see test figure) 


“NOTE 


The response time specified is for a 100mV step with 5mvV overdrive. 
PULSE 
GENERATOR 


TYPICAL PERFORMANCE CHARACTERISTICS 


> > 
met re | 
- F > w > w 
| 2 €9 & 
4+ 2 > be 
x 0 0 oi on 
eC) S re) fe) 
xr naa > > 
uw 9 
< ; 
g mn > | 
Ur 
a = | ao 
‘ - 2 
a | > uw Zz< 
> « &6 = 
a< © 
onl 
fe) 
0 . > 
-10 -06 -0.2 0.2 06 1.0 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 
DIFFERENTIAL INPUT VOLTAGE — V TIME — ns TIME — ns 
INPUT CHARACTERISTICS RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 
> > 
¢ e | Bl 
| mw fo 
é Ee - 2 
z Sy te 
ed ro) > 
a > 
(S) 
” > > 
5 E E 
be ont yo I 
a 2 w 2 
< 22 Za 
-—_ = 
7) 5 
$ S 
-~6.0 -2.0 6.0 10 0 50 100 150 200 250 300 350 0 50 100 150 200 286 300 350 
DIFFERENTIAL INPUT VOLTAGE — V TIME — ns TIME — ns 


TRANSFER FUNCTION RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES INPUT OVERDRIVES 
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DUAL VOLTAGE COMPARATOR LM419/24 91349 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


OUTPUT SATURATION VOLTAGE SUPPLY CURRENT OUTPUT LIMITING 
CHARACTERISTICS 


120 


POWER DISSIPATION -— W 


: 1.2 
PSE Ric.. 
100 f. 1. 
c t | SHORT CIRCUIT CURRENT | °° 
| bs 
br ne . POSITIVE SUPPLY G ao : Ag 
: : oe 
[= 
5 3 ~ 60 0.6 
O Oo = 
5 > g ee Same 
& = @ 40 0.4 
bon} a 
) a - A POWER DISSIPATION: 
: y, [eo] 
Vs = + 15V = 20 0.2 


INPUT OVERDRIVE = 5.0mV 


0 0.2 0.4 0.6 0.8 1.0 


0 5 10 15 
OUTPUT VOLTAGE — V SUPPLY VOLTAGE — V OUTPUT VOLTAGE — V 
INPUT CURRENTS COMMON MODE LIMITS SUPPLY CURRENT 
(LM119/219) (LM119/219) (LM119/219) 


PEE 
ainbiscss 


INPUT CURRENT — nA 
COMMON MODE LIMITS — V 
SUPPLY CURRENT — mA 


- 55 -~15 § 45 85 125 
TEMPERATURE — °C TEMPERATURE — °C TEMPERATURE — °C 
INPUT CURRENTS SUPPLY CURRENTS COMMON MODE LIMITS 
(LM 319) (LM319) (LM319) 
yt 


INPUT CURRENT — nA 


QReD Glee eee: He , 
ie ae ia a as a es 
fr [_NEGATIVE SUPPLY, Vs = = 15V_ a Vs = = 15V, Vg* =5.0V, Vs- =0 
0.4 
es OE a ee ee ee 
0 10 20 30 40 50 60 70 


SUPPLY CURRENT — mA 
COMMON MODE LIMITS — V 


TEMPERATURE — °C . TEMPERATURE — °C - TEMPERATURE — °C 
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DUAL VOLTAGE COMPARATOR 


TYPICAL APPLICATIONS 


RELAY DRIVER 


Vout = 5V for Vit <Vin <Vut 
Vout = 0 for Vin <ViT or Vin>VYut 


LM4119/219/349 


WIDE RANGE VARIABLE 
OSCILLATOR 


2N2222 


SQUARE WAVE OUTPUT 
1kHz to 1MHz 


TRIANGLE WAVE OUTPUT 


FREQUENCY ADJUST 
MUST BE BUFFERED 
FOR R, < 100 
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QUAD VOLTAGE COMPARATOR 


“LM4 39A/239Al 339A/LM 41 39/ 239/ 339/ 
LM2904 IMC3302 _ 


DESCRIPTION 


The LM139 series consists of four inde- 
pendent precision voltage comparators 
with an offset voltage specification as lowas 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup- 
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, even 
though operated from asingie power supply 
voltage. 


The LM139 series was designed to directly 
interface with TTL and CMOS. When oper- 
ated from both plus and minus power sup- 
plies, the LM139 series wiil directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com- 
parators. 


ABSOLUTE MAXIMUM RATINGS 


| PARAMETER 
V 


cc supply voltage 
Differential input voltage 
Input voltage 
Power dissipation’ 

N package 

F package 
Output short circuit to ground2 
Input current (Vin < -0.3Vdc)s 
Operating temperature range 

LM139/A 

LM239/A 

LM339/A 

LM2901/MC3302 
Storage temperature range 


EQUIVALENT CIRCUIT 


(1 Comparator Only) 


4-106 


Lead temperature (soldering 10 sec.) 


FEATURES 


Wide single supply voltage range 2.0Vdc 
to 36Vdc or dual supplies +1.0Vdc to 
£18Vdc 

Very low supply current drain (0. 8mA) 
independent of supply voltage (1.0mW/- 
comparator at 5.0Vdc) 

Low input biasing current 25nA 

Low input offset currrent +5nA and offset 
voltage 

Input common-mode voitage range in- 
cludes ground 

Differential input voltage range equal to 
the power supply voitage. 

Low output 250mV at 4mA saturation 
voltage 

Output voltage compatible with TTL, 
DTL, ECL, MOS and CMOS logic sys- 
tems. 


APPLICATIONS 


A/D converters 

Wide range VCO 

MOS clock generator 
High voltage logic gate 
Multivibrators 


RATING 
36 or +18 
36 
~0.3 to +36 


570 
900 
Continuous 
50 


-55 to +125 
-25 to +85 
0 to +70 
-40 to +85 
~65 to +150 
300 


OUTPUT 
“O 


PIN CONFIGURATION 


D,F,N PACKAGE 


14] OUTPUT 3 


INPUT 1- 
INPUT 1+ 
INPUT 2- 


INPUT 2+ 


TOP VIEW 
ORDER NUMBERS 


LM 139/239/339F .N 
MC3302D,F,N 


LM2901F.N 
LM339D 


DC ELECTRICAL CHARACTERISTICS V+ =5Vdc, LM139A/LM139: — 55°C < T, < 125°C unless otherwise specified 
LM239: — 25°C < T, <= 85°C unless otherwise specified 
LM339: 0°C < T, < 70°C unless otherwise specified 
V+ =5Vdc, LM339A: °C < T, < 70°C unless otherwise specified 
LM239A: — 25°C < Ty, < 85°C unless otherwise specified 
LM2901/LM3302: — 40°C < T, < 85°C unless otherwise specified 


LM239A/339A 
anaes TEST Ces 


Vos_ Input offset 
voltage? 


Vom. Input common 
mode voltage 


range 


VipR Differential input® 


voltage4 


Ig Input bias 
current” 


CONDITIONS 


Keep all 
Vins 2 OVdc 
(or V— if need) 


HN( +) OF ING —) 
with output in 


t 


+ 
—_ 
ro) 


alt 
oN 
So 


< 
+ 


+ 


SLONGOUd IST YVAN 


LOL? 


linear range 
Ta = 25°C 
Over temp. 


nN 
on 


N 


ot vn wo 
Q 


Input offset ING + )— YN(-) 
current Ta=25°C 
Over temp. 


YOLVAVdNOD ADVLIOA AVN 


Output sink 
current 


3 
> 


Output leakage 
current 


So 


Vo = 30Vdc, 
over temp. 


Supply current 


. Voltage gain 


s 


Vov Saturation voltage | Vin(—) = 1Vdc, 
VIN(+)= 9 

IsiInK = 4mA 
Ta=25°C 
' Over temp. 


Tispr Large signal Vin = TTL logic 
response time swing, 
Vrer = 1.4Vdc, 
Vaz = 5Vdc, 


=) 


TR Response time® 


at 
[>| 


— 
w 
mJ 
n 


a 


ee ee 
wo nN 
ele [es [ete [|e | os 


es aR H = wo ; 


IS6ECISESTISEVINTIVOEE/VSET/VEE LWT 


ZOSEOW/ LOS6ZWT 


See notes on following page. 
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QUAD VOLTAGE COMPARATOR 


LM4139A/239A/339A/LM439/239/339/ 
LM2901/MC3302 


NOTES 


1. 


nN 


@ 


For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be 
derated based on a 125°C maximum junction temperature and a thermal resistance 
of 175°C/W which applies for the device soldered in a printed circuit board, 
operating in a still air embient. The LM139/139A/239/239A must be derated on a 
150°C maximum junction temperature. The low power dissipation and the “On-Off” 
characteristics of the outputs keep the chip dissipation very small (Pp s 100mW), 
provided the output transistors are allowed to saturate. 


. Short circuits from the output to V+ can cause excessive heating and eventual 


destruction. The maximum output current Is approximately 20mA independent of 
the magnitude of V+. 


. This input current will only exist when the voltage at any of the input leads is driven 


negative. It is due to the collector-base Junction of the input PNP transistors 
becoming forward biased and thereby acting as Input diode clamps. In addition to 
this diode action, there is also lateral NPN parasitic transistor action on the IC 
chip. This transistor action can cause the output voltages of the comparators to go 
to the V+ voltage level (or to ground for a large overdrive) for the time duration that 
an input is driven negative. This is not destructive and normal output states will re- 
establish when the input voltage, which was negative, again returns to a value 
greater than —0.3Vdc. 
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. Positive excursions of input voltage may exceed the power supply level by 17 volts. 


As long as the other voitage remains within the common-mode range, the com- 
parator will provide a proper output state. The low input voltage state must not be 
less than — 0.3Vdc (or 0.3Vdc below the magnitude of the negative power supply, 
If used). 


. At output switch point, Vo = 1.4Vdc, Rg = 02 with V+ from 5Vde to 30Vde; and 


over the full input common-mode range (OVdc to V+ — 1.5Vdc). 


. The input common-mode voltage or either input signal voltage should not be 


allowed to go negative by more than 0.3V. The upper end of the common-mode volt- 
age range is V + — 1.5V, but either or both inputs can go to 30Vde without damage. 


. The diraction of the input current Is out of the IC due to the PNP input stage. This 


current is essentially constant, independent of the state of the output so no 
loading change exists on the reference or Input lines. 


. The response time specified is for a 100mV input step with a 5mV overdrive. For 


larger overdrive signals, 300ns can be obtained, see typical performance character- 
istics section. 


LINEAR LSI PRODUCTS 


QUAD VOLTAGE COMPARATOR Be ee ee aa KIC 500 


TYPICAL APPLICATIONS 


TWO-DECADE HIGH-FREQUENCY VCO LIMIT COMPARATOR 


V+ (12V9¢) 


ye 3.0k0 


FREQUENCY 
CONTROL *° : O OUTPUT 1 

VOLTAGE 

INPUT 


OUTPUT 2 


V+ = +30Voc 
+250mVoc S Vo € +50Vpc 
TOOHZ <= fo S$ 100kHz 


VISIBLE VOLTAGE INDICATOR 


‘5Vo¢ 
O 


CRYSTAL 
{= 100kHz 


NOTE: ; 
Inputs of unused comparators should be grounded. 
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QUAD VOLTAGE COMPARATOR aaa ee iy Sr 


TYPICAL PERFORMANCE CHARACTERISTICS 
SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 


AIN(CM) 10k” 


1 * SUPPLY CURRENT—mA 
Iy—INPUT CURRENT—nApnc 


V * —SUPPLY VOLTAGE—Vp¢, V +—SUPPLY VOLTAGE—Vpc 1Q—OUTPUT SINK CURRENT (mA) 


RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES— INPUT OVERDRIVES— 
NEGATIVE TRANSITION POSITIVE TRANSITION 


INPUT OVERDRIVE = 100mV sane 
Coes 
Le Series ol 


OUTPUT VOLTAGE 
OUTPUT VOLTAGE. 
Vo-V 


INPUT VOLTAGE 
INPUT VOLTAGE. 
VIN—mvV 


TIME— ui sec TIME— yi sec 
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DESCRIPTION 


The M193 series consists of two independ- 
ent precision voltage comparators with an 
Offset voltage specification as low as 2.0mV 
max for two comparators which were de- 
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from asingle 
power supply voltage. 


The LM193 series was designed to directly 
interface with TTL and CMOS. When oper- 
ated from both plus and minus power sup- 
plies, the LM193 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com- 
parators. 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Voc supply voitage 
Differential input voltage 
Input voitage 
Power dissipation’ 
N 
FE 
Output short circuit to grounde 
Input current (Vin < -0.3Vdc)3 
Operating temperature range 
LM193/193A 
LM293/293A 
LM393/393A 
LM2903 
Storage temperature range 
Lead temperature (soldering 10 sec.) 


aL reTLIn reremneeirer st ovens mannan on nema 


EQUIVALENT CIRCUIT 


~ INPUT 


FEATURES 


e Wide single supply voitage range 2.0Vdc 
to 36Vdc or dual supplies +1.0Vdc to 
+18Vdc 

© Very low supply current drain (0.8mA) 
independent of supply voltage (2.0mW/- 
comparator at 5.0Vdc) 

® Low Input biasing current 25nA 

® Low input offset current +5nA and offset 
voltage =2mV 

e Input common-mode voltage range in- 
cludes ground 

® Differential input voltage range equal to 
the power supply voitage. 

e Low output 250mV at 4mA saturation 
voltage 

© Output voitage compatible with TTL, 
DTL, ECL, MOS and CMOS loglc sys- 
tems. 


APPLICATIONS 

« A/D converters 

® Wide range VCO 

® MOS clock generator 
* High voltage logic gate 
® Multlvibrators 


RATING 


36 or +18 
36 
-0.3 to +36 


570 
900 
Continuous 
50 


| -55 to +125 
| ~25 to +85 
0 to +70 

-40 to +85 

-65 to +150 aa @ 

300 a @ 


(One Comparator Only) 
ver 


OuTPUT 
7—O 


Ee ener eH Se 


PIN CONFIGURATIONS 
D,N,FE PACKAGE 


NON-INVERTING 
INPUT 8B 


TOP VIEW 
ORDER NUMBERS 


LM193FE 
LM293FE 
LM293AFE 
LM293N 
LM2S3AN 
LM383D 


LM393FE 
LM393AFE 
LM393N 
LN393AN 
LM2903N 
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LINEAR LSI PRODUCTS 


LOW POWER DUAL VOLTAGE COMPARATOR 


LM193/A/293/A/393/A/2903 


DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5Vdc, LM193/193A: -55°C < Ta < +125°C unless otherwise specified. 
LM293/293A: -25°C < Ta = +85°C unless otherwise specified. 
LM393/393A: 0°C < Ta <+70°C unless otherwise specified. 
LM2903: -40°C < Ta < +85°C unless otherwise specified.” 


LM299/393 ie 
[Typ | Max | 


PARAMETER TEST CONDITIONS 


Input offset voltages 
Over temp. 

= 26°C 
ai temp. 


Input common mode voltage 
range6,10 


Differential input voitage4 Keep all Vin’s 2 OVdc 

| (or V-if need) 

lin(+) OF fin(-) With output in 
linear range 
Ta = 26°C 
Over temp. 


Input bias current8 


hice 25°C. . ve Mm 


+3.0 | +25 
+100 


Input offset current lin(+) ~ LIN(~) 
Ta = 26°C 


Over temp. 


Vin(-) 2 1Vde, Vini+) = 9, 
Vo <= 1.5Vdc, 
Ta = 25°C 
Vint) 2 1Vde, Vinc-) = 0 
Vo = 5Vdc, 
Ta =25°C 
Vo = 30Vdc, over temp. 


Output sink current 


Output leakage current 


Ri = © on both comparators 
Ta = 25°C 
V+ = 30V, over temp. 


Supply current 


a Saturation voltage _ ) 2 1Vde, Vini+) = 0, 
IsiInk = 4mA 
Ta = 25°C 
Over temp. 
Vin = TTL logic swing, 
Vrer = 1.4Vdc, Var = 5Vdc, 
Ri = §.1k0, 
Ta = 25°C 
Vat = 5Vdce, 
Ri = §.1kQ, 
Ta = 25°C 


TLSR Large signal response time 


TR Response time9 


NOTES 
1. For operating at high temperatures, the LM393/393A and LM2903 must be derated 


4. Positive excursions of input voltage may exceed the power supply level by 17 Volts. 
As long as the other voltage remains within the common-mode range, the com- 


based on a 125°C maximum junction temperature and a thermal resistance of 
175° C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C 
maximum junction temperature. The low bias dissipation and the “On-Off” 
characteristics of the outputs keeps the chip dissipation very small (Pp < 100mW), 
provided the output transistors are allowed to saturate. 

. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 
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10. 


parator will provide a proper output state. The low input voitage state must not be . 
less than -0.3Vdc (Vdc below thé magnitude of the negative power supply, if used). 


. At output switch point, Vo = 1.4V.dc, Rs = 02) with V+ from 5Vdc to 30Vde; and over the | | 


full input common-mode range (OVdc to V+ -1.5Vdc). 


. The input common-mode voitage or either input signal voltage should not be allowed 


to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 


. With the LM293/293A, all temperature specifications are limited to -25°C < Ta < 


+85°C and the LM393/393A, ail temperature specifications are limited to 0°C < Tas 
+70°C. The LM2903 is limited to -40°C < Ta <85°C. 


. The direction of the input current is out of the IC due to the PNP input stage. This | 


current is essentially constant, independent of the state of the output so no loading ; 
change exists on the reference or input lines. 
The response time specified is for a 100mV input step with a SmV overdrive. 

For input signals that exceed Vcc, only the overdriven comparator is affected. With a 
5V supply, Vin should be limited to 25V max., and a limiting resistor should be used on 
all inputs that might exceed the positive supply. 


LINEAR LSI PRODUCTS 


LOW POWER DUAL VOLTAGE COMPARATOR —LM193/A/293/A/393/A/2903 


DC ELECTRICAL CHARACTERISTICS V+ = 5Vdc, LM193/193A: -55°C < Ta < +125°C unless otherwise specified. 
LM293/293A: -25°C < Ta < +85°C unless otherwise specified. 
LM393/393A: O°C < Ta < +70°C unless otherwise specified. 
LM2903: -40°C < Ta < +85°C unless otherwise specified.’ 


PARAMETER TEST CONDITIONS 


Z 
< 
TS 


I+ 
—b 
—) 


Vos Input offset voltages Ta = 25°C 
Over temp. 


Vcm_ Input common mode Ta = 25°C 
voltage range6.10 Over temp. 


Vion Differential input Keep all Vin's 2 OVdc 
voltage4 (or V-if need) 


is Input bias current8 Hin(+) Or lin(-) with output in 
linear range 
Ta = 25°C 
Over temp. 
Input offset current lin(+) — LIN(-) 
Ta = 25°C 
Over temp. 


Output sink current Vin(-) 2 1Vde, Vin(+) = 0, 
Vo S$ 1.5Vdc, 
Ta = 28°C 
Output leakage Vin(+) 2 1Vde, Vini-) = 0 
current Vo = 30Vdc 
Over temp. 
Vo = 5Vde, Ta = 25°C 


Supply current Ri = © on both comparators. 
Ta = 25°C 
V+ = 30V, over temp. 


Av _ Voltage gain Ri = 15k, V+ = 15Vdc, Ta = 25°C | 50] 200 | 


Vo_ Saturation voltage Vin(-) 2 1Vde, Vini+) = 0, 
ISINK S 4mA 
Ta = 25°C 
Over temp. 
Tisr Large signal Vin = TTL logic swing, 
response time Vrer = 1.4Vdc, 
Vat = 5Vdc, Ri = 5.1kN, 
Ta = 25°C 


| Tr Response time Vat = 5Vde, Rt = 5.1kQ, 
Ta = 25°C 


ao 


oO 
— 


300 | 
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LINEAR LSI PRODUCTS 


LOW POWER DUAL VOLTAGE COMPARATOR —_LM493/A/293/A/393/A/2903 


TYPICAL APPLICATIONS 
| TWO-DECADE HIGH-FREQUENCY VCO 


LIMIT COMPARATOR 


ve v- V*(12Vnc) 
100Kk(? 2VDC 
100k 
*ve 3.0K 
FREQUENCY mE | At - Secl 
CONTROL ° 94-0 OUTPUT 1 REF Hi 


VOLTAGE LAMP 
INPUT ~ OUTPUT 2 rf 
AW VIN 
out e 2N2222 
Vt=ad+ 30Voc 


< 

x 
m 
wn 
a 
Q 
= 
af 


+ 25MVpc~ Ve s+ 50Vpn¢6 
700Hz =f, = 100kHz 


VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER 


os 5Voc 


*5Voc 


Vo 
a 
VREF ; 
(*1.4Vp¢) 2 10K” "—12V 


~2Voc=> 


CRYSTAL CONTROLLED OSCILLATOR 


vt 


CRYSTAL 
f = 100kHz 


Ali pins of any unused comparators should be grounded. 


4-114 


LINEAR LSI PRODUCTS 


LOW POWER DUAL VOLTAGE COMPARATOR 


TYPICAL PERFORMANCE CHARACTERISTICS 


Iy—INPUT CURRENT—nAgnc 


OUTPUT VOLTAGE. 
Vo-V 


INPUT VOLTAGE. 


Vin—mvV 
t . 


INPUT CURRENT 


10K 01 


eee Vin(cM) . 0 Voc 
CME | 


V +—SUPPLY VOLTAGE—Vpc 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES— 
NEGATIVE TRANSITION 


a a ee 
0 0.5 1.0 1.5 2.0 
TIME— u sec 


OUTPUT VOLTAGE, 


ul 
Oo 
< 
ra 
) 
.°) 
> 
- 
bo) 
a. 
z 


Vo-V 


LM193/A/293/A/393/A/2903 


OUTPUT SATURATION VOLTAGE 


Cor 
ey 


awe 4ne 
BYALA 


tg—OUTPUT SINK CURRENT (mA) 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES— 
POSITIVE TRANSITION 


eer guedane eT TT 
Va a 
i] 
of 
eee 
si 


nn 


TIME— usec 
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LINEAR LSI PRODUCTS 


HIGH SPEED DUAL DIFFERENTIAL COMPARATORISENSE AMP _—_SE/NE521 
FEATURES APPLICATIONS PIN CONFIGURATION 
@ 12ns maximum guaranteed propagation «© MOS memory sense amp D,F,N PACKAGE 

delay e A-to-D conversion | 
@ 20uWA maximum input bias current © High speed line receiver Pear 


e TTL compatible strobes and outputs 
e Large common mode input voltage 


INPUT 18 


range NC 112] INPUT 2A 
© Operates from standard supply voitages . eurauray meuvee 
@ Military qualifications pending eee 
| STROBE S 19} OUTPUT 2Y¥ 
GROUND 18] STROBE 2G 
| TOP VIEW 
. ORDER NUMBERS 
ABSOLUTE MAXIMUM RATINGS NES21D,F,.N  SES21F 


PARAMETER RATING UNIT 
7 BLOCK DIAGRAM 
Supply voitage V 
V+ Positive +7 
V- Negative =7 % 
Minor Differential input voltage +6 eae 
VIN Input voltage INPUT 18 ‘© 
Common mode +5 
Strobe/gate +525 mn 
Ph Power dissipation 600 OUTPUT 1Y 
Tp Operating temperature range Panera 
NE521 0 to 70 (8) ) 
SE521 -§5 to +125 STROBE S OUTPUT 2¥ 
T stg Storage temperature range -65 to +150 neers 


Lead temperature +300 


(solder, 60 sec) 


4-116 


HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE524 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, T, = -55 to +125°C unless otherwise specified 


SE LIMITS 


PARAMETER TEST CONDITIONS UNITS 


Vos Input offset voltage V+ = +4.5V, V- = -4.5V 
At 25°C 
Over temperature range 


IBIAS Input bias current V+ =+5.5V, V- = -5.5V 
At 25°C 


~“N 
on 


=k 
oO 


Over temperature range 


Input offset current | V+ = +5.5V, V- = -5.5V 
At 25°C 
Over temperature range 


Vom Common mode voltage range V+ = +4.5V, V- = -4.5V 


Low level input voltage 
At 25°C 
Over temperature 


High level input voltage 


ste] ot ef 


[| 


“I! OO PO oOo Oo 1616) 


Input current 
High 


V+ = +5.5V, V- = -5.5V 
VIH = 2.7V 
1G or 2G strobe 


50 
100 


S 


5S 


1G or 2G strobe 
Common strobe S 
Vi(S) = 2.0V 
V+ = +4.5V, V- = -4.5V, LOAD = -1mA 

V+ = +4.5V, V- = -4.5V, ILoap- 10mA 
Ta = 25°C, ILoap = 20mMA 


I+ 
® 


Output voitage 
VOH High 
Vou Low 


w 
Lh 
ae) 
nwo ¢ 
3 33 


Suppty voltage 
V+ Positive 
Negative 


Supply current V+ = 5.5V, V- = -5.5V, TA = 25°C 
'CC+ Positive 


ICC Negative 


~15 


~115 


Isc Short circuit output current 


do a> nm 
naw on 

ine] " 

“J , 


35 
-28 
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LINEAR LSI PRODUCTS 


HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP SE/NE524 


DC ELECTRICAL CHARACTERISTICS (Cont'a) V+ = +5V, V- = -5V, T, = 0 to 70°C unless otherwise specified 


NE LIMITS 


PARAMETER TEST CONDITIONS 


Input offset voltage . V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 


Input bias current V+ = +§.25V, V- = -5.25V 
At 25°C 
Over temperature range 


Input offset current V+ = +§.25V, V- = -5.25V 
At 25°C 
Over temperature range 


Input current V+ = +§.25V, V- = -5.25V 
High VIH = 2.7V 
1G or 2G strobe 


Low 
1G or 2G strobe 
Common strobe S 

Output voltage Vi(S) = 2.0V 

High V+ = +4.75V, V- = -4.75V, ILOAD =-1mA 

Low V+ = +5.25V, V- = -5.25V, |LOAD = 20mA 
Supply voltage 

Positive 

Negative 
Supply current V+ = 5.25V, V- = -5.25V, TA = 25°C 

Positive 

Negative 


Short circuit output current 


AC ELECTRICAL CHARACTERISTICS T a = 25°C, Ri = 2809 C, = 15pF V+ = +5V V- = -5V 


| LIMITS 
FROM 
PARAMETER UNIT 


Large Signal Switching Speed 
Propagation delay 


'PLH(D) Low to high’ Amp Output 
tPHL(D) High to low! Amp Output 
'PLH(S) Low to high2 Strobe Output 
tPHL(S) High to low2 Strobe Output 
Maximum operating frequency 

NOTES . 

1. Response time measured from OV point of +100mV p-p 10MHz square wave to the 1.5V point of the 
output 


2. Response time measured from 1.5V point of input to 1.5V point of the output 
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LINEAR LSI PRODUCTS 


HIGH SPEED DUAL DIFFERENTIAL COMPARATORISENSE AMP 


TYPICAL PERFORMANCE CHARACTERISTICS 


| RESPONSE TIME FOR VARIOUS RESPONSE TIME FOR VARIOUS 


INPUT OVERDRIVES 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V} 


_ 


PROPAGATION DELAY {ss} 


- HNPUT BIAS CURRENT (wA} 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 


Vg: -8Vv 


| WAVE INPUT 
Sa R28 C 


| TPO (LH) 
v ircatameaeeeaand 


20 30 40 60 60 
INPUT VOLTAGE (mVp-p) 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 


2 


5 26 *75 ‘126 
AMBIENT TEMPERATURE ( C) 


TOMHz SQUARE 


70 


INPUT OVERDRIVES 


> 


N is 


= 
S 
fo 


INPUT VOLTAGE (mV) OUTPUT VOLTAGE (Vv) 
to] 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 


VS: -BV 


18 Y 1OMHz SQUARE- 
UT 


—_ = — 


PROPAGATION DELAY {ns) 


100 1000 
INPUT VOLTAGE (mVp-p) 


INPUT OFFSET CURRENT vs AMBIENT 


TEMPERATURE 


INPUT OFFSET CURRENT (vA) 


76 25 +26 ‘76 126 
AMBIENT TEMPERATURE (‘C) 


SE/NES24 


RESPONSE TIME vs TEMPERATURE 


GUTPUT VOLTAGE (V) 


RESPONSE TIME (ns} 


a 


60 20 +20 +80 


+ 100 +140 
AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE vs AMBIENT 


4.0 


3.0 


76 


TEMPERATURE 


Anca 


-26 +25 +76 °126 
AMBIENT TEMPERATURE ( C} 


4-119 


LINEAR LSI PRODUCTS . 


FEATURES | APPLICATIONS 
e 15ns maximum guaranteed propagation ¢ MOS memory sense amp 
delay e A-to-D conversion 
© 20uA maximum input bias current © High speed line receiver 
© TTL compatible strobes and outputs ne ae: 96 
® Open collector output for wire-OR’d ap- 
plications INEST “ 
e Large common mode input voltage range NC INPUT 2A 
¢ Operates from standard supply voltages Supp AY eee 
STROBE 1G nc 
STROBES | OUTPUT 2Y 
GROUND STROBE 2G 
ABSOLUTE MAXIMUM RATINGS “TOP VIEW 


ORDER NUMBERS 
NE522D,F,N  SE522F 


PARAMETER RATING UNIT 
V 


Supply voltage 
Positive +7 
Negative a7 
Differential input voltage +6 INPUT 1A 


Input voltage INPUT 1B | 
Common mode +5 
Strobe/gate $5.25 


Power dissipation 600 
Operating temperature range NE 0 to 70 (8) 
SE -55 to +125 paneer 
Storage temperature range ~65 to +150 sraone 8 ‘2 OUTPUT 2Y 
Lead temperature +300 } 
(solder, 60 sec) emnese te 


BLOCK DIAGRAM 


( 
OUTPUT 1Y 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATORISENSE AMP SE/NE522 


DC ELECTRICAL CHARACTERISTICS +5v +10%, Ta = -55to 125°C unless otherwise specified 


SE LIMITS 
PARAMETER | TEST CONDITIONS 


Vos input offset voitage V+ = +4.5V, V- = -4.5V 
At 25°C 
Over temperature range 

IBIAS Input bias current V+ = +§.5V, V- = -5.5V 
At 25°C 
Over temperature range 

los Input offset current V+ = +5.5V, V- = -5.5V 
At 25°C 
Over temperature range 


Low level input 
Voltage at 25°C 
over temperature 


~ High level temperature 


Input current V+ = +§.5V, V- = -5.5V 
High Vin, = 2.7V 
1G or 2G strobe 
Common strobe S 


Vit = 0.5V 
1G 2G strobe 
Common strobe S 


Output voltage 
Low V+ = +4.5V, V- = -4.5V 
lor = 20mA, Ta = 25°C 
lo. = 10mA 


Output current 
High Voc+ = +4.5, Voc- = -4.5V, Vou = 5.5V 


Supply voltage 
Positive 
Negative 
Supply current V+ = 5,5V, V- = -5.5V 


Positive 
Negative 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATORISENSE AMP | SE/NE522 


DC ELECTRICAL CHARACTERISTICS (Cont'd) +5V +5%, Ta = 0 to 70°C unless otherwise specified 


NE LIMITS 


PARAMETER TEST CONDITIONS Min 


Vos Input offset voltage: V+ = +4.75V, V- = -4.75V mV 
At 25°C 


Over temperature range 


Input bias current +5.25V, V- = -5.25V 
At 25°C 


_ Over temperature range 


“IBIAS 


sor ; 
BEE ; 


los Input offset current +5,25V, V- = -5.25V 
At 25°C . 
Over temperature range 

VOM Common mode voitage range +4.75V, V- = -4.75V 


< 
+ 
u 


Input current +5.25V, V- = -5.25V 


50 LA 
100 _ UA | 
mA 
mA 
se 


li High Ving = 2.7V 
1G or 2G strobe 
| Common strobe S 

ne Low Vit = 0.5V 


1G 2G strobe 
Common strobe S 


V+ = +8.25V, V~ = -5.25V, Vj (g) = 2.0V 


Ane NN NA PER ATRL OTCRLAA BRN YN IPOS SOCTO NN RCTECY  M PNR EAREN ER 


Output voltage 


VoL banighan oy, oe Low ILOAD = 20mA 
Output current 
lOH High Voc+ = +4.75, 


Voc. = -4.75V, Von = §.25V 


Supply voltage V 
V+ Positive 4.75 
\- Negative ~4, 75 

Supply current V+ = §.25V, V- = -5.25V, Ta = 25°C mA 
Icc+ Positive 
OCs: Negative 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Ry = 2800, Cy = 15pF 


Input resistance KQQ 

Input capacitance ; pF 
Large Signal Switching Speed 

Propagation delay ns 
tPLH(D) Low to high’ Amp Output 10 15 
tPHL(D) High to low! | Amp Output 8 12 
TPLH(S) Low to high? Strobe Output 6 13 
'PHL(S) High to low? Strobe Output 5 9 

25 35 MHz 


Maximum operating frequency 


NOTES 


1, Response time measured from OV point of t100mV p-p 10MHz square wave to the 1.5V point of the 
output 
2. Response time measured from 1.5V point of input to 1.5V point of the output 
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HIGH SPEED DUAL DIFFERENTIAL COMPARATORISENSE AMP 


NE/SE522 


TYPICAL PERFORMANCE CHARACTERISTICS 


2 
Aebad 
QO 
c ¢ 
— 
and 
o 
> 
~ 
> 
a 
= 
a) 
io) 
> 
E 
us 
Oo 
< 
po 
od 
° 
> 
— 
2 
a. 
2 


PROPAGATION DELAY FOR VARIOUS 
INPUT VOLTAGES 


PROPAGATION DELAY (ns) 


RESPONSE TIME FOR VARIOUS 


RESPONSE TIME FOR VARIOUS 


INPUT OVERDRIVES INPUT OVERDRIVES 
’ 50mvV : 
: : 
2 
0 8 
S 
3 
rc) 
ra 
) 
> 
2 
2 


PROPAGATION DELAY FOR VARIOUS 
INPUT VOLTAGES 


ae ee 
10 MHz SQ. WAVE 
eee 


"PROPAGATION DELAY (ns) 


N r= oa @ oO 


100 200 500 1000 2000 
INPUT VOLTAGE (mVp- 


2 


INPUT OFFSET CURRENT vs AMBIENT 


INPUT OFFSET CURRENT (uA) 


TEMPERATURE 


-25 +25 75 -12 
AMBIENT TEMPERATURE (-C) 


RESPONSE TIME vs TEMPERATURE 


RESPONSE TIME (ns) 


INPUT BIAS CURRENT (vA) 


-_ 


20 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 


-25 +25 +75 
AMBIENT TEMPERATURE (° 


a 
Pa 


-20 +60 +100 
AMBIENT TEMPERATURE (°C) 
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LINEAR LS! PRODUCTS 


VOLTAGE COMPARATO | — — SE/NE527 


DESCRIPTION FEATURES PIN CONFIGURATIONS 


The SE/NE527 is a high speed analog vol- © 15ns propagation delay 

tage comparator which, in the first time © Complementary output gates DPN EACKAGE 
mates state-of-the-art Schottky diode tech- TTL or ECL compatible outputs 

nology with the conventional linear proc- Wide common mode and differential vol- 
ess. This allows simultaneous fabrication - tage range 

of high speed T2L gates with a precision ¢ Mil std 883A,B,C available 

linear amplifier on asingle monolithic chip. Typical Gain of 5000 

The SE/NES27 is similar in design to the 

Signetics SE/NE529 voltage comparator APPLICATIONS 

except that it incorporates a “Emitter Fol- ¢ A/D conversion 

lower” input stage for extremely low input ECL to TTL interface 

currents. This opens the door to a whole TTL to ECL interface 

new range of applications for analog vol- Memory sensing 

tage comparators. Optical data coupling 


BLOCK DIAGRAM 


| 8} STROBE 8 


TOP VIEW 
ORDER NUMBERS 
NE5270,N,F SE527F 


H PACKAGE * 


Vy 


eee @ 


STROBE A 


OUTPUT A 
INPUT A 


INPUT B 
OUTPUT B 


OuTPUT 8 
ORDER NUMBERS 
SE/NE527H 
*Metal cans (H) not recommended for new designs 


STROBE B 


EQUIVALENT SCHEMATIC 


+ 
O STROBE A Vo 


3 O 
550) 
2 
= OUTPUT A 
4K ‘ 
20K 


“ae GROUND © 


OUTPUT B 
—oO 


2502S 5000 


STROBEB ~ 
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LINEAR LSI PRODUCTS 


VOLTAGE COMPARATOR SE/NE527 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Positive supply voltage (V1+) +15 
Negative supply voltage (V1-) -15 
Gate supply voltage (V2+) +7 
Output voitage +7 
Differential input voltage +5 


Input common mode voltage +6 
Power dissipation 600 
Operating temperature range 
NE527 0 to +70 
SE527 . -55 to +125 
Storage temperature range -65 to +150 
Lead temperature (soldering, 60sec) +300 


DC ELECTRICAL CHARACTERISTICS vir = 10V, V1- = -10V, V2* = +5.0V 


INPUT CHARACTERISTICS 
Input offset voltage @ 25°C 
Over temperature range 


Input bias current @ 25°C 
Over temperature range 
Input offset current @ 25°C 
Over temperature range 


Common mode 
voltage range 


GATE CHARACTERISTICS 
Output voltage 
“1” State Va* = 4.75V, lsournce = -1MA 
“O" State Vat = 4.75V, Isink = 10mMA 
Strobe inputs 
“O” Input current’ Vo* = 5.25V, Vstrose = 0.5V 
“4” Input current @ 25°C'| V2* = 5.25V, Vstrose = 2.7V 
Over temperature range Vo*+ = 5.25V, VstrosBe = 2.7V 
“0” Input voltage Vor = 4.75V 
“1" Input voltag Vat = 4.75V 


Short circuit 
Output current Vat = §.25V, Vout = OV -18 _770 -18 


POWER SUPPLY REQUIREMENTS 
Supply voltage 
Vit 
| Vi- a = ie 
Var 4. 75 5. 25 
Supply current Vit = 10V, Vi- = -10V 
V2* = §.25V 
rh Over temp. 5 5 
2 Le Over temp. 10 10 
lat Over temp. 20 20 
NOTES 


1. See logic function table. 
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LINEAR LSI PRODUCTS 


VOLTAGE COMPARATOR | , SE/NE527 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 


Transient response propagation delay time 
tPLH 
tPHL 


Delay between output A and B 


Strobe delay time 
ton Turn-on time 
toft Turn-off time 


INPUT CURRENTS vs SUPPLY CURRENT vs POWER DISSIPATION vs 
TEMPERATURE TEMPERATURE _ SUPPLY VOLTAGE 


Hs DR Fe A 

el ee eee 

|_| Nias current |_| 
ee Ss 
aS 


< 
x 
| 
” 
as 
Zz 
Ma 
x 
x 
~ 
oO 
- 
_ 
a. 
= 


SUPPLY CURRENT — mA 
POWER DISSIPATION — mW 


-50-25 0 25 50 — 100 125° -50~25 0 25 50 75 100 125 


TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE (V+, V1~) — VOLTS 


SUPPLY CURRENT vs OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR 
SUPPLY VOLTAGE VARIOUS INPUT 


OVERDRIVES 


OUTPUT 
VOLTAGE — V 
OUTPUT 
VOLTAGE — V 


oe 7A a 
ourpure |_| 
ee 
P_foeural [| | | [_t he venpaive || 
a Ree ee rege 
aS ce aes se mee ee Beer ee 


10 15 20 25 30 10 16 20 25 30 


SUPPLY CURRENT — mA 
INPUT 
VOLTAGE — mV 
INPUT 
VOLTAGE — mV 
+ 
=) 
o .6Oo 


I 
_ 
i=] 
oe. 


SUPPLY VOLTAGE V; +, V;~) — VOLTS TIME — ns TIME — ns 
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LINEAR LSI PRODUCTS 


VOLTAGE COMPARATOR 


| RESPONSE TIME TEST CIRCUIT 


APPLICATIONS 

One of the main features of the device is that 
supply voltages (V1+, Vi-) need not be 
balanced, as indicated in the following dia- 
grams. For proper operation, however, neg- 
_ ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (Vi+ and V1~) upto 


TYPICAL APPLICATIONS 


PHOTODIODE DETECTOR 


MOS MEMORY SENSE AMP 


VREF 


+ 8V 


SE/NES27 


OUTPUT 
PROBE 


‘5 ; "5K 


INPUT 
PRA w iMHe 
Pw « 80ns 
Tro Tf 2ns 
AMPLITUDE # 3.00V 


CR1 -- CR4 w ING14 
Ri SELECTED FOR 18:1 DIVIDER 
R2,3 SELECTED FOR 100mv AT PIN 4 


a maximum of +6 voits as supply voltages 
are increased. 


NE527 LOGIC FUNCTION 
> Vorr | xX 
hil | 


_ <—Vors 


7 
ae Le 


hl 
4 


itis also important to note tnat Output A isin 
phase with input A and Output B is in phase 
with Input B. 


ouT‘a’ | OUT'B’ COMMENT | 
vn | Readiie, tina | 
‘ | 


Read Ii, line 
ECL TO TTL INTERFACE 


TTL 
OUTPUTS 


TTL TO ECL INTERFACE 


© +8V 
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LINEAR LSI PRODUCTS | 


| 


‘ 


DESCRIPTION 


The SE/NE529 is a high speed analog volt- 
age comparator which, for the first time 


‘mates state-of-the-art Schottky diode tech- — 


nology with the conventional linear proc- 
ess. This allows simultaneous fabrication of. 
‘high speed T2L gates with a precision linear 
amplifier on a single monolithic chip: 


ABSOLUTE MAXIMUM RATINGS | 


Positive supply voltage (V1+) 
Negative supply voltage (V1-) 
Gate supply voltage (V2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 
NE529 
SE529 
Storage temperature range 
Lead temperature 
(soldering, 60 sec) 


EQUIVALENT SCHEMATIC 


INPUT A 
QO 
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FEATURES 


—10ns propagation delay 
Complementary output gates 
TTL or ECL compatible outputs 
Wide common mode and differential voit- 
age range 
Typical Gain 5000 


APPLICATIONS 


A/D conversion 

ECL to TTL interface 

TTL to ECL interface 
Memory sensing 

Optical data coupling 

Mil std 883A,B,C available 


PARAMETER RATING 


600 
0 to +70 
-55 to +125 
-65 to +150 


+300 


O 
STROBE B 


TOP VIEW 
ORDER NUMBERS 
SE/NES529F, NE529N,D 


H PACKAGE“ 


INPUT A 


INPUT B 


Vy 


STROBE B 


OUTPUT B 
ORDER NUMBERS 
SE/NE529H © 
“Metal cans (H) not recommended for new designs 


BLOCK DIAGRAM 


STROBE A 
OUTPUT A 
INPUT A 


INPUT B 
OUTPUT B 


STROBE 8 


© STROBEA 


GROUND 


OUTPUT B 
O 


LINEAR LS! PRODUCTS 


VOLTAGE COMPARATOR SE/NE529 


DC ELECTRICAL CHARACTERISTICS vi+=+10V, Vat = +5.0V, Vi- =-10V 


PARAMETER TEST CONDITIONS 


INPUT CHARACTERISTICS 
Input offset voltage @25°C 
Over temperature range 


| Input bias current @25°C 
Over temperature range 
Input offset current @25°C 


Over temperature range 
Common mode voltage range 


GATE CHARACTERISTICS | 
Output voltage 
“1” state Vot+ = 4.75V, lsource =-ImA 
“O” state Vot = 4.75V, Isink = 10MA 
Strobe inputs 
“0” Input current! Vot = 5.25V, Vstrobe = 0.5V 
“1” Input current @ 25°C' Vat = 5.25V, Vstrobe = 2.7V 
Over temperature range Vot = 5.25V, Vstrobe = 2.7V 
“0" input voltage Vat = 4.75V 
“1” input voltage Vot = 4.75V 


POWER SUPPLY REQUIREMENTS 
Supply voltage 
Vit 
Vi- 
Vat 
Supply current . Vit = 10V, Vi- = -10V 
Vat = 5.25V 
I+ Over temp. 
Iy- Over temp. 
la+ Over temp. 


NOTES 
1. See logic function table. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C 


LIMITS 
PARAMETER TEST CONDITIONS tis UNIT 
ee | [in [tye [Mon 


12 

10 

2 

6 

6 


Transient response Vin = +100mV step 
Propagation delay time 
tPLH 
tPHL 
Delay between output 
A and B 
Strobe delay time 
ton turn-on time 
torr turn-off time 
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LINEAR LSI PRODUCTS 


VOLTAGE COMPARATOR 


TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT CURRENT — »A 
a 


SUPPLY CURRENT — mA 


INPUT CURRENTS 
vs TEMPERATURE 


PRE 
Nalavas cunnent | | 


-~50-25 0 25 50 75 100 125 


TEMPERATURE — °C 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE (V;*, Vi~) = VOLTS 


RESPONSE TIME TEST CIRCUIT _ 
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INPUT PROBE 


50011 


sia § 


SE/NE529 


SUPPLY CURRENT POWER DISSIPATION 
vs TEMPERATURE vs SUPPLY VOLTAGE 


Vet = 5.0V 
# 2 Ta = 26°C 
: 
| 
= S 
iw a 
a. 
> Qo 
@ 2 
~50-25 0 25 80 75 100 
TEMPERATURE — °C SUPPLY VOLTAGE (V1 +, V17)— VOLTS 
‘OUTPUT PROPAGATION DELAYS RESPONSE TIME FOR 
: VARIOUS INPUT OVERDRIVES 
r 
~ | 5 § 
= i 
& ty w 4 bOUTPUTA 
5< g 
Q 8 3 : 3 
. = XN a ae 
: _— as ANGE 
. | eo 
aad 
ae ot "la on 
= = = 0 FINPUT 8 
: ee ae 
coun, (Re 
0 40 18 20 25 30 
TIME — ne TIME — ne 


(V1—) 
-10% 


CRi ~ CA4 m ING14 
Ri SELECTED FOR 15:1 DIVIDER 
R2,3 SELECTED FOR 100mvV AT PIN 4 


- ; 
80/80V 4 4 S sito 1 

di ak "| La PROBE 

y 8K : 


9 W2+) 


INPUT 
PRR ee iMHz 
Py = 80n38 
Trw Tis Qn 
AMPLITUDE = 3,.66V 


LINEAR LSI PRODUCTS 


VOLTAGE COMPARATOR  SE/INE529 


APPLICATIONS | NE529 LOGIC FUNCTION | 


One of the main features of the device is that Vin ee poe as wes 
supply voltages (V1+, V1-) need not be (A+, B-) STR‘A STR‘B OUT‘A OUT'B COMMENT 
>Vortt x hil H Wh Read lies HA 
<- Vortt hil X Wh H Read lias ys 


balanced, as indicated in the following dia- 
grams. For proper operation, however, neg- 
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1+ and V1-) up to 
a maximum of +6 volts as supply voltages 
are increased. 


It is also important to note that Output Aisin 
phase with Input A and Output B is in phase 
with Input B. 


TYPICAL APPLICATIONS 


PHOTODIODE DETECTOR ECL TO TTL INTERFACE 


TTL TO ECL INTERFACE 
O +5V 


MOS MEMORY SENSE AMP 


VREF 
@ 


1103 TTL INPUT 


MOS RAM 
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LINEAR LS] PRODUCTS 


DISPLAY DRIVER—SYMBOLS AND DEFINITIONS 


Absolute Maximum Rating 


Operating safe zones. Exceeding these limits could cause permanent 


damage to the device and are not meant to imply that devices can 
operate at these limits. 

BCD ee, 

Binary Coded Decimal. 

BI/RBO 

Blanking Input or Ripple Blanking Output. 

CE 

Chip Enable. 


CLR 

Clear. Clear command will preset all internal circuits to a pre- 
determined state. 

Duty Cycle 

Ratio of time on to time off. Generally expressed in percentage. 


Fax 
The maximum clock frequency: the maximum input frequency at a 


clock input for the predictable performance. Above this frequency the 
device may cease to function. 


Ip . 
Input Bias Current. Current into an analog circuit input, 
specified at a particular voltage level. 


lec (= lee) 


Supply Current. The current flowing into the + Voc (— Voc) Sup: ’ 


ply terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee worst 
case operation unless specified. 


lcex 

Output Leakage Current. The current flowing out of or into a 
disabled (off) output with a specified High output voltage ap- 
plied. 


hy 
Input High Current. The current flowing into or out of an input 
when a specified High level voltage is applied to that input. 


IL es 
Input Low Current. The current flowing out of an input when a 
specified Low level voitage is applied to that input. 


lon | 
Output Current Source the device can supply while maintaining 
a specified voltage output level. 


lon 
Output Low Current. The current flowing into an output when it 
is in the Low State. 


los 
Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is shorted to ground. 


Ig 
Source Current. Current flowing into the Vs supply terminal of 
the device with specified operating conditions. 


Isea 
Segment Current. The amount of current supplied to each seg- 
ment as a display. Current ratios are generally compared to seg- 


LED 

Light Emitting Diode. 

Package Type Designation 

See full package designations in Appendix. 


Power Dissipation 


The power that the device can safely handle at 15°C. The dissi- 
pation must be derated as indicated for the individual package 


type. 
RBI 
Ripple Blanking input. 


Segment Identification 


Ambient temperature range. Allowable range of the surrounding 
environment of the operating device. 


th 

Hold Time. The interval immediately following the active transi- 
tion of the timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the in- 
put to engure its continued recognition. A negative hold time in- 
dirates that the current logic level may be released prior to the 
active transition of the timing pulse and still be recognized. 


Ty 
Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 


teH. | 

Propagation Delay Times. The time between the specified refer- 
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 


tei 

Propagation Delay Time. The time between the specified refer- 
ence points on the input and output waveforms with the output 
changing from the defined LOW level to the defined HIGH level. 


trec 

Recovery Time. The time between the reference point on the 
trailing edge of an asynchronous input contro! pulse and the 
reference point on the activating edge of a synchronous (clock) 
pulse input such that the device will respond to the synchronous 
input. 

ts 

Setup Time. The interval immediately preceding the active tran- 
sition of the timing pulse (usually the clock pulse) or preceding 
the transition of the control input to its latching level, during 
which interval the data to be recognized must be maintained at 
the input to ensure its recognition. A negative setup time in- 
dicates that the correct logic level may be initiated sometime 
after the active transition of the timing pulse and still be 
recognized. 


LINEAR LS] PRODUCTS 


DISPLAY DRIVER—SYMBOLS AND DEFINITIONS 


DISPLAY DRIVER DEFINITIONS = (Cont'd) 


Truth Tables 


0 is logic level low 
1 is logic level high 


X — don’t care condition — has no effect under circuit condi- 


tions listed. 


Typical Value 

The typical value of a particular parameter at 25°C determined by 
characterization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested varia- 
bles. Occasionally typical values are given rather than min-max 
values because 100% testing would raise the cost of the product to a 
prohibitive level. If a typical value must be guaranteed to ensure spe- 
cific operation, custom testing can often be provided at an additional 
cost to the user. 


Ver 

Output Breakdown Voltage. Maximum voltage applied to a 
disabled (off) output to ensure a leakage current less than the 
specified value. 

Vec (— Vee) 

Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

Ve 

Forward voltage drop of a device at a specified current level. 
Vin 

Input High Voltage. The range of input voltages recognized by 
the device as a logic high. 


Viv 
Input Low Voltage. The range of input voltages recognized by 
the device as a logic low. 


Vin 
The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 


Vou 

Output High Voltage. The minimum guaranteed High voitage at 
an output terminal for the specified output current Io, and at the 
minimum Vcc value. 


Vo 
Output Low Voltage. The maximum guaranteed low voltage at an 
output terminal sinking the specified load current lo. 


Vout 

The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Vs 

Source Voltage. A separate Vcc line depending on part type. 


XX 


Negate Bar — when it appears over a function indicates that the 

‘true’ or valid condition of that function is a logic low level. 

i.e. LE — would require a logic high level to cause a latch enable 
LE — would require a logic low level to cause a latch enable. 
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LINEAR LSI PRODUCTS 


QUAD LINE DRIVER 


~MC1488 


DESCRIPTION 

The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev- 
els through one stage of inversion to output 
levels which meet EIA Standard No. RS- 
232C and CCITT Recommendation V.24. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage V+ 
V- 


Input voitage (Vin) 
Output voltage 


Power dissipation: 
F package 
N package 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 10sec) 


CIRCUIT SCHEMATIC 


INPUT O 


INPUT O 


1/4 CIRCUIT 
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FEATURES PIN CONFIGURATION 

@ Current limited output: +10mA Typ 

¢ Power-off source impedance: 3002 Min D,F,N PACKAGE 

e Simple slew rate control with external 

capacitor Ge 
e Flexible operating supply range INPUT 46 
¢ inputs are DTL/TTL compatible y INPUT 4A 
. OUTPUT 4 

APPLICATIONS INPUT 3B 

¢ Computer port driver INPUT 3A 

e Digital transmission over long lines : . OUTPUT 3 

e Slew rate control 


e TTL/DTL to MOS translation TOP VIEW 
ORDER NUMBERS 
MC1488D MC1488F, MC1488N 


RATING 


15 
-15 

-15 < Vin <= 7.0 
+15 


1000 
800 
0 to +75 
-65 to +150 
300 


O OUTPUT 


LINEAR LSI PRODUCTS 


QUAD LINE DRIVER MC1488 


DC ELECTRICAL CHARACTERISTICS v+=+9.0V + 1%, V- = -9.0V + 1%, Ta = 0°C to +75°C 
unless otherwise specified. 
All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25°C." 


PARAMETER TEST CONDITIONS 
Logic “0” input current Vin = OV 
Logic “1” input current Vin = +5.0V 
V+ = 9.0V 
Ri = 3.0kn, V- = -9.0V 


High level output voltage Vin = 0.8V V+ = 13.2V 


Ve = -13.2V 


V+ = 9.0V 
V- = -9.0V 

VIN = 1.9V V+ = 13.2V 
V- = -13.2V 


Low level output voltage 


High level output 
Short-circuit current VIN = 0.8V 
Low level output Vout = OV 
Short-circuit current VIN = 1.9V 


| V+=V-=0V 
Output resistance Vour = +2V 
V+ = 9.0V, V- = -9.0V 


VIN = 1.9V V+ = 12V, V- = -12V 
V+ = 15V, V- = -15V 


V+ =9,0V, V- = -9.0V 
Vin = 0.8V V+ = 12V, V- = -12V 
V+ = 15V, V- = -15V 


V+ = 9.0V, V- = -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 
V+ = 15V, V- = -15V 


V+ =9.0V, V- =-9,0V 
VIN = 0.8V V+ = 12V, V- = -12V 
V+ = 15V, V- = -15V 


V+ = 9.0V, V- = -9.0V 
V+ = 12V, V- = -12V 
Re = 3.0kf), Cy = 15pF, Ta = 25°C 
Re = 3.0kf), CL = 15pF, Ta = 25°C 
RU = 3.0k9), CL = 15pF, Ta = 25°C 
Ri = 3.0kf), CL = 15pF, Ta = 26°C 


Positive supply current 
(output open) 


Negative supply current 
(output open) 


Power dissipation 


Propagation delay to “1” (tpa1) 
Propagation delay to "0" (todo) 
Rise time (tr) 

Fall time (te), 


NOTE 


"Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
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LINEAR LS! PRODUCTS 


QUAD LINE DRIVER 


MC1488 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 


Iq — OUTPUT CURRENT (mA) 


ee 

=o 

ceaheass 

a ee 

-16 -12 -8 -4 = L_ 8 12 16 
Vo OUTPUT VOLTAGE (V) 


AC LOAD CIRCUIT 


NOTE 
*C.. includes probe and jig capacitance. 


SWITCHING WAVEFORMS 


a = ee 3.0V 
tpd 0 OV 


tpd T- 
ian 
a_i a 


NOTE 


tr and t+ are measured 
between 10% and 90% 
of the output waveform 
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RS232C DATA TRANSMISSION 


T?L/DTL 


1/4 MC1488 


1/4 MC1489/ 


2 
mci4e9A = M/DTL 


INTERCONNECTING 


114 MC1489/ 


2 
T ne MC1489A 


INTERNAL DATA 
TERMINAL 
EQUIPMENT 


NOTE 
“Optional for noise filtering 


APPLICATIONS 

By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz- 
ing the output current limiting characteris- 
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu- 
lated using the following relationship 


C= Isc (AT/AV) 


where C is the required capacitor, Isc is the 
short circuit current value, and AV/AT is the 
slew rate. 


RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result ina required capacitor of 
400pF connected to each output. 


CABLE 


TYPICAL APPLICATIONS 
DTL/TTL-TO-MOS TRANSLATOR 
+12V 


114 MC1488 


DTL/TTL-TO-HTL TRANSLATOR 


+12V 


1/4 MC1488 


DTL/TTL-TO-RTL TRANSLATOR 
+12V 


114 MC1488 


-12V 


+3.0V__ 


DESCRIPTION 


The MC1489/MC1489A are quad line re- 
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de- 
vices satisfy the specifications of EIA stand- 
ard No. RS232C. 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Power supply voltage 
Input voltage range 
Output load current 
Power dissipation: 
F package 
N package 
Operating temperature range 
Storage temperature range 


EQUIVALENT SCHEMATIC 


(1 4 OF UNIT SHOWN) 


RESPONSE 
contror 


MC1489: Re = 10k 
MC1489A: Re = 2k 


FEATURES 


© Four totally separate receivers per pack- 


age 

Programmable threshold 

Bullt-in Input threshold hysteresis 
“Fall safe” operating mode 

Inputs withstand +30V 


APPLICATIONS 


Computer port inputs 

Modems 

Eliminating noise in digital circuitry 
MOS to TTL/DTL translation 


RATING 


10 
+30 
20 


1 
800 
0 to +75 
-65 to +150 


INPUT 1 


RESPONSE 
CONTROL 1 


RESPONSE 
CONTROL 2 


VOLTAGE WAVEFORMS 


INPUT 


OUTPUT 


RESPONSE 
CONTROL 
= OPEN OUTPUT Vcc 


.°) 


15pF 
INCLUDING 
JIG AND PROBE 


TOP VIEW 
ORDER NUMBERS 
MC1489D, MC1489AD 

MC1489F, MC1489AF, MC1489N, MC1489AN 


Voc 


INPUT 4 


AESPONSE 
CONTROL 4 


RESPONSE 
CONTROL 3 
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QUAD LINE RECEIVERS OO  MC41489/MC1489A 


DC ELECTRICAL CHARACTERISTICS Voc = 5. ov + + 1%, orcs < Ta <+75°C unless otherwise specified. 1,2 


TEST CONDITIONS 


Ta = 25°C, Vout S 0.45V, 
lout = 10mA 
Ta = 25°C, Vout S 2.5V, 
lout = -0.5mMA 
Vin = +25V 
VIN = -25V 


PARAMETER 


“input High threshold voltage 


Input low thresnoid voltage 


| Input current 


Vin = 0.75V, lout = -0.5mMA 
Input = Open, lout = -0.5mA_ 
Output low voltage Vin = 3.0V, lout = 10mMA 


Qutput short circuit current Vin = 0.75V 3.0 | 
Supply current | Seen. Vin = 5.0V 20 


Power dissipation Vin = 5.0V 100 190 


Output high voitage 


NOTES 


1, Voltage values shown are with respect to network ground terminal. Positive currentis 
defined as currant into the referenced pin, 
2. These specifications apply for response contro! pin = open. 


AC ELECTRICAL CHARACTERISTICS Vcc =5.0V + 1%, Ta= 25°C unless otherwise ——— 1.2 
A MC1489A 
PARAMETER TEST CONDITIONS UNIT 
Input to output “high” Ri. = 3.9kf (AC test circuit) 
Propagation delay (toa) 
input to output “low” Ri = 390 (AC test circuit) 
| Propagation delay (todo) | ae | 


Output rise time Re = 3.9k{) (AC test circuit) ere 
20 


Output fall time Ri = 3900 (AC test circuit) 


NOTES 

1, Voltage vaiues shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

2. These specifications apply far response contro! pin = open. 


TYPICAL APPLICATIONS 
RS232C DATA TRANSMISSION MOS TO TTL/DTL TRANSLATOR 


1/4MC 1489, 
TTLOTL 1:4MC 1488 MC1469A TTL/OTL 


=i e--> 


— he at 


INTERCONNECTING 
CABLE 


1/4MC 1489, —_—— mE TTL/OTL 
TTL/OTL MC1489A a l ~ 


-~X & , : ” 


. | 
__SIGNAL GROUNO . 7 1.4 MC 1489. * 
| MC 1489A = ) 
| = 


INTERFACE DATA 
TERMINAL 
EQUIPMENT 


"Optional for noise filtering 
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LINEAR LSI Oo 


“ADDRESSABLE RELAY DRIVER ___NE5SO90_ 


DESCRIPTION FEATURES PIN CONFIGURATION 
The NE5090 addressable relay driver is a * 8 high current outputs : 
high current latched driver, similar in func. °® Low-loading bus compatible inputs D’.F,N PACKAGE 


tion to the 9934 address decoder. The device ° Power-on clear ensures safe operation 
has 8 open collector Darlington power out- ° Wil operate in addressable or 

puts, each capable of 150mA load current. demultiplex mode 

The outputs are turned on or off by respec- ° Allows random (addressed) data entry 
tively loading a logic “1” or logic “0” into the ° Easily expandable 

device data input. The required output is ° Pin compatible with 9334 

defined by a 3 bit address. The device must 

be enabled by a CE input line which also 

serves the function of further address APPLICATIONS 

decoding. A common clear input, CLR, turns 


i e Relay driver 
all outputs off when a logic “0” is applied. , Indicator lamp driver 
The device is packaged in a 16 pin plastic or . trae trigger 
CERDIP package. ¢ LED display digit driver TOP VIEW 
¢ Stepper motor driver 
. ORDER NUMBERS 
BLOCK DIAGRAM NE5090N 


NESOSOF 
NE5090D' 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


1-OF-8 ONTROL 
DECODER GATE 


— 
jLaTcH| 
[uarcn] 


INPUT STAGE OUTPUT STAGE 


ABSOLUTE MAXIMUM RATINGS 


Ta = 25°C unless otherwise specified. 


Voc Supply voltage —~0.5 to+7 

Vin Input voltage - 0.5 to+ 15 

Vour Output voltage 0 to+ 30 

Ignp Ground current 500 

louyr Output current | 200 
Each output 


Pp Power dissipation! 1 
Ambient temperature range 
T, NE5090 0 to+ 70 
Ty Junction 150 
Tstg Storage - 65 to + 150 
| Tsoig Lead soldering temperature 300 | 
(10 sec max) 


4-139 


LINEAR LSI PRODUCTS 


ADDRESSABLE RELAY DRIVER a NE5090 


PIN DESIGNATION | 
| PINNO. | SymBoL | 0 NAMEANDFUNCTION, 


A 3-bit binary address on these pins defines which of the 8 output latches is to receive the data. 
The 8 device outputs. : 
The data input. When the chip is enabled, this data bit is transferred to the defined output such that: 


“1” turns output switch “ON” 
“0” turns output switch “OFF” 


_The chip enable. When this input is low, the output latches will accept data. When CE goes high, all 
outputs will retain their existing state, regardiess of address of data input conditions. 


The clear input. When CLR goes low all output switches are turned “OFF”. The high data input will 
override the clear function on the addressed latch. 


| Addressable 


TIerrrcer 


X = Don't care condition 
' Qn-+ = Previous output state 
L = Low voitage fevel/"ON” output state | 
H = High voltage levei/"OFF” output state 


DC ELECTRICAL CHARACTERISTICS V = 4.75V to 5.25V, 0°C < T, < 70°C unless otherwise specified (NE5090)°. 


PARAMETER | TEST CONDITIONS , , UNIT 


lot fs 150mA, Ta = 25°C 
Over temperature 
Input current 
High 
Low 


Supply current 
All outputs low 
locH All outputs high 


NOTES 


1. Derate power dissipation as indicated above threshold ambient temperature 
NES5090 N at 9.8mW/°C above 85°C 
NE5090 F at 7.5mW/°C above 65°C 


2. All typical values are at Vog = 5V and Ta = 25°C 
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LINEAR LS! PRODUCTS 


ADDRESSABLE RELAY DRIVER NESO90 


SWITCHING CHARACTERISTICS v,, =5V, T, = 25°C, Vout = 5V, lout = 100mMA, Vj, = 0.8V, Viy = 2.0V 


PARAMETER [TO | FROM [Mn [twp | Mex | _UNT 


Propagation delay time 
Low to high!’ GE 900 1800 
High to low! 130 260 
tory Low to high? 920 1850 
Low to high? 900 1800 
Low to high* = 1850 


SWITCHING SETUP REQUIREMENTS 
Chip enable High data 20 
Chip enable Low data 30 


5 
10 


Chip enable High data +10 
Chip enable Low data +10 


NOTES 


- Comal oo re 
vu uv vu U 
a _ Tr rT 
x x rm t 


ore ete =o 
es a 
Sle = 
o@ Or on 


eee 
iz 
cst 
a oi 


1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 
2. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 
3. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 
4. See Turn-Off Delay, Clear to Output timing diagram. 
5. See Setup and Hold Time, Data to Enable timing diagram. 
6. See Setup Time, Address to Enable timing diagram. 


TIMING DIAGRAMS 


TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 
AND ENABLE PULSE WIDTH 


Other Inputs: CLR = H, A = Stable, Other Inputs: CE=L, CLR=H, A = Stable 


TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT TURN-OFF DELAY, CLEAR TO OUTPUT 


A 


Other Inputs: Ces. cChr=k, D=H Other Inputs: CE - 
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LINEAR LSI PRODUCTS 


ADDRESSABLE RELAY DRIVER _ _NE5O90 


TIMING DIAGRAMS (Cont'd) 


SETUP AND HOLD TIME, DATA TO ENABLE | 


SETUP TIME, ADDRESS TO ENABLE | 


IZ» 


Other Inputs: CLR = H, 


Other Inputs: CLR =H, A#= Stable, 


TYPICAL APPLICATIONS | 


DRIVING SIMPLE LOADS 


INTERFACING WITH A 
MICROPROCESSOR SYSTEM 


g0000000 
NONSON#O 


Q 

ay 
Q2 
Q3 
Qa 
Qs5 
M6 
Q7 


ciR 
ze) 
CONTROL 


Ao, Ai, Az, may be connected to the 
address bus if permitted by system design. 
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LINEAR LS! PRODUCTS 


ADDRESSABLE RELAY DRIVER 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE VS LOAD CURRENT 


OUTPUT VOLTAGE (Vv) 


0 50 100 150 200 
OUTPUT LOAD CURRENT (mA) 


NESO90 
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LINEAR LSI PRODUCTS — 


LEDDECODERIDRIVER 


Fr Fa NR 


DESCRIPTION 


The NE6587 is a latch/decoder/driver for 7- 


segment common anode LED displays. The 
NE587 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage, power supply voltage, and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys- 
tem. The 7-segment decoding is implement- 
ed with a ROM so that alternative fonts can 
be made available. 


FEATURES 

@ Latched BCD inputs 

® Low loading bus-compatible inputs 

© Ripple-blanking on leading and/or trall- 
ing edge zeros 


APPLICATIONS 

® Digital panel meters 

© Measuring instruments 
© Test equipment 

© Digital clocks 

© Digital bus monitoring 


ABSOLUTE MAXIMUM RATINGS T, = 26°C unless otherwise specified 


VCC Supply voltage 
| VIN Input voltage 
(Do - Dg, CE, RBI) 
| VOUT Output voltage 
(a-g, RBO) 
Pp Power dissipation (26°C)' 
TA Ambient temperature range 
Ty Junction temperature 
TSTG Storage temperature range 


Soldering temperature 
(10 sec. max) 


NOTE 

Derate power dissipation as indicated 
N package - 95°C/watt above 68°C 
F package - 100°C/watt above 60°C 


BLOCK DIAGRAM 


VEC (18) Qa 


DATA 
LATCHES 


| BANDGAP f= 
| REFERENCE | 


GND (9) O 
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PARAMETER RATING | UNIT 


0.6 to +7 
0.6 to +15 


—0.65 to +7 


1000 
0 to 70 
150 
—66 to +150 
300 


© WBO/Bi (4) 


be a a ee a es a a ee SS ee a se a ee 


POWER GND (10) 


TOP VIEW 


ORDER NUMBERS 
NE587F NE587N 


D2 PACKAGE 


Dy 
D2 
té 
BI/RBO. 


DIG GND 


TOP VIEW 
NE587D? 


NOTES: 

1, SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3, SO and non-standard pinouts. 


- LINEAR LSI PRODUCTS 


LED DECODER/DRIVER | | NES87 


DC ELECTRICAL CHARACTERISTICS Vcc = 4.76 to §.25V, 0°C < Ta < 70°C. 
Typical values are at Vcc = 5V, Ta = 25°C, Rp = 1k (+ 1%) unless otherwise stated. 


ye ar 
PARAMETER TEST CONDITIONS [min | typ | M UNIT 


| Voc Operating supply voltage = supply voltage Ps es | 600 | 625 | OV 


Input high voitage All ade “a Bi jis] és | 


Vi —sInputiow voltage Vi —sInputiow voltage voltage aa ee eee ee ee 
eS 


Input high current Inputs Do =a LE, a 
VIN ™ 2.4V 
VIN = 15V 
Input Bi (pin 4) 
Rei = H 
Vin ™ Voc ™ 5.25V 


Vin = 0.4V, Inputs Do — 03 

LE 

Input & 
Voc ™ §.25V 

oe =H, Vin = 0.4V 


Input low current 


Output REG 
lout = ~50uA 
RBI = H 


Output segment Outputs ug" thru “g” 
“ON” current VouT ™ 2.0V 


Sa high voltage 


‘lout 


Output current ratio 
(ail outputs ON) 


AlouT With reference to “b” segment 


Vout = 2.0V 


Output segment Outputs “a” thru “g” 
“OFF” current Vout ™ 5.0V 


Vcc ™ §.25V 
All outputs “ON” 
Vout > 1V 


loci Supply current Voc @ 6.26V 70 mA 
All outputs blanked | 


NOTE 

NE6587 PROGRAMMING 

The NE687 output current can be programmed, provided a program resistor, Rp, be 
connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) ia constant 
(aw 1.3V). Thus, @ current through Rp is Ip ~ “Rip as shown in Figure 5. e is 20 In the 
15 to 5OmA output current range. 


lOFF 


loco Supply current 
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LED DECODERIDRIVER | NES87 


AC ELECTRICAL CHARACTERISTICS Voc = 5V Ta = 28°C. Ry, = 1300, Cy = 30pF including probe capacity. 


PARAMETER TEST CONDITIONS 


tDay. | Propagation delay | ae From data to output 
Figure 2 


| Day, Propagation delay From LE to output 
Figure 3 


Latch enable pulse width 
Figure 4 
Latch enable setup time From data to LE 
Figure 4 
thy Latch enable hold time From LE to data 
Figure 4 


NOTE _ 
toa tHE + tLH) 
TRUTH TABLE 


BINARY 7 ae -_ | | _ OUTPUTS | 
INPUT : : DISPLAY 


STABLE 
BLANK 


OOn aoeaapn @N —- CO 


Urermtms+sswoOomOnaOMa DAN =A O 


H = HIGH voltage level, output is “OFF” 
L = LOW voltage level, output is “ON” 
X = Don't care 


* The RBI will blank the display only if a binary zero ia stored in the jatches. 


** RBO/BI used as an input overrides all other input conditions. 


SEGMENT. IDENTIFICATION 
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LED DECODER/DRIVER 
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NE587 PROGRAMMING 

NE587 output current can be programmed 
by using a programming resistor, Rp, con- 
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(~1.40V). A partial schematic of the voit- 
age reference used in the NE587 is shown in 
figure 1. 


Output current to program current ratio, 
lo/ip, is 20 in the 15mA to SOmA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an loytT DAC used to control display 
brightness. 


| gpdhne aa cieaiaas Gh Be OS oe oe oe oS oe oe ee we oe oe ee oe oe oe oe 


BAND GAP 
REFERENCE 


the om us om me eas ow om me oe oe od 


Figure 1 


TIMING DIAGRAMS 


PROPAGATION DELAY, DATA TO OUTPUT 


09-03 x x 


te tPLH —> 


OUTPUT 


ic tPHL —> 


Figure 2 - 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


| tPLH | tPHL 
- a a ae ae i 


00-03 x 


OUTPUT 


ee a Sere 


Figure 3 


POWER DISSIPATION 
CONSIDERATIONS 


LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro- 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar- 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment- 
to-segment and digit-to-digit. 


An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de- 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain- 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voitage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg- 
ment driver, although, of course, total sys- 
tem power remains the same. 


Power dissipation may be calculated as fol- 
lows. Referring to figure 6, the two system 
power supplies are Vcc and Vs. In many 
cases, these will be the same voitage. Nec- 
essary parameters are: 


VCC, Supply voltage to driver 

Vs, Supply voitage to display 

icc: Quiescent supply current of 
driver 

ISEG, LED segment current 

VE, LED segment forward voltage at 
lseg 

Koc, % Duty cycle 


Ve, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt- 
age drops should be obtained from the LED 
display: manufacturer's literature for the 
peak. segment current selected; however, 
approximate voltages at nominal rated cur- 
rents are: 


Red 1.6 to 2.0V 
Orange 2.0 to 2.5V 
Yellow 2.2 to 3.5V 
Green 2.5 to 3.5V 


4-147 


LINEAR LS! PRODUCTS 


LED DECODERIDRIVER 
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TIMING DIAGRAMS (Cont'd) 


OUTPUT Mi; 


Figure 4 


TYPICAL PERFORMANCE CURVES 


SUPPLY CURRENT VS SUPPLY VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE 


NE587 NE587 
Rp = 1Kohms 


Rp = 1k 
Vout = 2V 
ALL OUTPUTS “ON 


40 44 #48 ##%S2 #56 60 £64 
Vcc (VOLTS) —» Vout (VOLTS) —> 


NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 


VS TEMPERATURE 


PN te] 
(Rp = 1K) 
ene 
~ 
0 


. et Ley 
95 

5 5.0 §.5 6. 
——— 


4.0 4, 


Vcc (VOLTS) 


Ta (CC) ——» 
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MAXIMUM POWER DISSIPATION 


These voltages are all for single diode dis- 
plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt- 
age drop was around 3.5V. 


Thus a maximum power dissipation calcula- 
tion when all segments are on, is: 


Pq = Vcc X Ioc + (Vg — VE) X 7 X Igeg X Koc 
mW 


Assuming Vs = Vcc = 5.25V 
Ve = 2.0V 
Koc = 100% 
Py max 75.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 


NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 
Voc = 5.0V 


(Rp = 1K) 


10 20 30 40 50 60 70 80 
TEMP (°C) —————— 


OUTPUT CURRENT 
VS PROGRAM RESISTOR 


Voc = 5.0V 
Ta = 25°C 
Vout =2V 


Rp (KONWMS) amp 


LINEAR LS! PRODUCTS 


LED DECODER/DRIVER 


TYPICAL APPLICATIONS 


DRIVING A SINGLE DIGIT 


vec 
O 


NOTE 


Decoupling capacitor on Voc should be 0.01 uF ceramic 


Figure 6 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 


Pa ay = 5.0 X 30 + 3.00 X 5 K 25 mW 
= 525 mW 


Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac- 
teristics). 


However, a major portion of this power dissi- 
pation (Pg max) is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte- 
grated circuit. 


Suppose the worst case VCC/Vs supply is 
4.75 to 5.25V, and that the maximum Veg for 
the LED display is 2.25V. Only 2.75V is re- 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis- 


tor from Vcc to Vs. The value of this resis- 
tor is calculated by: 


2.0 


Rs = = 102 (% W rating) 


assuming worst case Iseg of 30 mA 
Hence now Pg max = Voc X Ico + (Vg - Vy - 


X Koc 
= 5.25 X 50+ 1.25X 7 X 30 


mw 
= §25 mW 
and Pq ay = 5.0 X 30 + 1.25 X 5 XK 25 
= 306 mW 


If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen- 
dent of the number of “ON” segments and 
will be equal to 


Vs -—Ve-—0Vq.Vp = 0.8V 
Where n is the number of diodes used, pow- 


er dissipation can be calculated in a similiar 
manner. 


NE587 


In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi- 
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt- 
age, rather than the saturating PNP transis- 
tors shown in figure 9. For example a dar- 
lington PNP or NPN emitter follower may be 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys- 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat- 
ed circuits. 


Where Vs and Vcc are two different sup- 
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vg sup- 
ply is totally unnecessary, and so this supply 
can be rnade much cheaper than the regu- 
lated 5V supply used in the rest of the sys- 
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voitage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 


ISEG 


The duty cycle for this system depends upon 
Vs, Ve and the output characteristics of the 
display driver. 


With 
Vs = 4.9V pk. 
Ve = 2.0V 


The duty cycle is approximately 60%. 
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TYPICAL APPLICATIONS (Cont'd) 


4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 


[gel g 


cael J] 


4150 


NE587 


LINEAR LSi PRODUCTS 


LED DECODER/DRIVER NE587 


TYPICAL APPLICATIONS (Cont'd) 
4-DIGIT MULTIPLEXED LED DISPLAY 


Vg O enamcnioe 
CO) i oreo conten inci 
DIGIT 2 © > O 
— aren 
dIGIT 4 © > e 


pf pf td 

at at mee abe 

ee ee ee 

| See RRC ie Cl OE 

ee 

a Rte s ae eee 
ee 


063 0 
D2 O 
D1 O 
De O 


NE587 


TE Oo Rp 


Figure 9 


For additiona! information, refer to the Applications Section. 
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LED DECODERIDRIVER aoe ove NE589 


DESCRIPTION FEATURES PIN CONFIGURATION 
The NE589 is a latch/decoder/driver for 7- © Latched BCD inputs = 

segment common cathode LED displays. ° Low loading bus-compatible inputs 

The NE&S89 has a programmabie current out- ® Rippie-bianking on leading and/or traii- 
put up to 50mA which is essentially indepen- ing edge zeros 

dent of output voltage, power supply volt- 

age, and temperature. The data (BCD) APPLICATIONS 

inputs and LE (latch enable) input are iow- —@ Digital pane! meters 

loading so that they are compatible with any = « Measuring instruments 

data bus system. The 7-segment decoding e Test equipment 

is implemented with a ROM so that alterna- — e_ Digital clocks 

tive fonts can be made available. © Digital bus monitoring 


ABSOLUTE MAXIMUM RATINGS Tx, = 25°C unless otherwise specified 

Supply voltage —0.5 to +7 

Input voitage ~0.5 to +15 
(Do - D3, CE, RBI) | 

Output voltage —0.5 to +7 
(a-g, RBO) 

Power dissipation (25°C)! 1000 

Ambient temperature range 0 to 70 

Junction temperature 150 

Storage temperature range —65 to +150 


Soldering temperature 300 
(10 sec. max) 


F,N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
NES89F NES89N 


D2 PACKAGE 


D, 
D2 
Le 
BI/RBO 


NOTE 
Derate power dissipation aa indicated 


N package - 95°C/watt above 55°C 
F package - 100°C /watt above 60°C 


BLOCK DIAGRAM 


! 
| | TOP VIEW 

. NE589D?2 
Vee (18) eee Neen . 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


RBI (5) O 


20 (7) O 
01(1) O 
Dg (2) O 
Dg (6) O 


DATA 
tates «LL 


j BANOGAP | 
REFERENCE 


Ce at ht roaeeac a a ac ae eit 


CE (3) © 


_GND (9) O 


| 
| 
oe am oc ral et (a, (Ey eee peme ye ee ener 


@ 
Vg (10) 
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LED DECODERIDRIVER NE589 


DC ELECTRICAL CHARACTERISTICS 
Voc = 4.75 to §.25V, 0°C < Ta < 70°C. Typical values are at Voc = Vs= 5V, Ta = 25°C, Rp= 7kQ (+1%) unless otherwise stated. 


| NES8o 
| 6.25 |v 


Voc, Vs _ Operating supply voltage 


VIH input high voltage All inputs except BI ee ee 
Bi 


Vic Input clamp voltage IN = ~12mA, Ta = 25°C Le 


Input high current Inputs Do —D3, LE, RBI 
VIN = 2.4V 0.1 nA 
VIN = 15V 10 HA 
Input high current Input BI (pin 4) 10 
RBI = H 
VIN = Voc = 5.25V 
Input low current 
pA 


Input low current -0.7 
__Vvoec : 
RBI = = 0. mA 
VOL Output low voitage Output RBO 
lout = 3.0mA | 
| Vou 


louT Output segment Outputs “a” thru “g” 
“ON” current VouT = 2.0V 


Output high voltage Output RBO 
lout = ~S0uA V 
RBI =H 


Output current ratio 
(all outputs ON) 


With reference to “b” segment 
VOUT = 2.0V 


AlouT 


lorFF Output segment Outputs “a” thru “g” 


“OFF” current 


Icco Supply current | Voc = 6.25V a | mA 
All outputs “ON” 
Vout > 1V | 
Iccl Supply current Voc = 5.25V 
All outputs blanked 
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AC ELECTRICAL CHARACTERISTICS Voc = Vs =5V Ta = 25°C, Ri = 1308, C_= 30pF including probe capacity. 


PARAMETER 
"Propagation delay 
Figure 2 


TEST CONDITIONS 


From data to output 


Propagation delay — | From LE to output 
Figure 3 


Latch enable pulse width | 
Figure 4 | 


Latch enable hold time 
Figure 4 
NOTE: 
‘Dav. 


TRUTH TABLE 


BINARY 
INPUT 


= max (thy + tL) 


‘NOTES 

H = HIGH voltage level, output is “ON” 
= LOW voltage level, output is “OFF” 

X = Don’t care 


* The RBi will blank the display only if a binary zero is stored in the latches. 


* RBO/BI used as an input overrides all other input conditions. 


SEGMENT IDENTIFICATION 


4-154 


From LE to data 


H 
L. 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
H 


plier Lehr Le Lae re 


ok shea SE ek Ee ee 


Latch enable setup time From data to LE 
Figure 4 


STABLE 
BLANK 
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NE589 PROGRAMMING 

NE689 output current can be programmed 
by using a programming resistor, Rp, con- 
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(= 1.3V). A partial schematic of the volt- 
age reference used in the NE589 is shown in 
figure 1. 


P 
' 
' 
BAND GAP ' 
REFERENCE | 4 
1 
1 
i 
1 
1 
I 


Shee ee ee em oe oe ae oe om on on vl, 


Output current to program current ratio, 
lco/ip, is 120 in the 10mA to 50mA range. 
Note that I, must be derived from a resistor 
(Rp), and not from a high Impedance source 
such as an lQut DAC used to control display 
brightness. 


Figure 1 


TIMING DIAGRAMS 


PROPAGATION DELAY, DATA TO OUTPUT 


09-03 x x 


E tPLH — 
OUTPUT . : 


- tPHL —> 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


tPLH [+ tPHL 
“ ee Gln ay Ae ae ay A 
Do-03 x 


OUTPUT 


a J cee 


Figure 3 


POWER DISSIPATION 
CONSIDERATIONS 


LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro- 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar- 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment- 
to-segment and digit-to-digit. 


An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de- 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain- 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg- 
ment driver, although, of course, total sys- 
tem power remains the same. 


Power dissipation may be calculated as fol- 
lows. Referring to figure 5, the two system 
power supplies are Voc and Vs. In many 
cases, these will be the same voltage. Nec- 
essary parameters are: 


VCC, Supply voltage to driver 

Vs, Supply voltage to display 

Icc. Quiescent supply current of 
driver 

ISEG: LED segment current 

VE, LED segment forward voltage at 
Iseg 

KpbG.. % Duty cycle 


Vf, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt- 
age drops should be obtained from the LED 
display manufacturer’s literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur- 
rents are: 


Red 1.6 to 2.0V 
Orange 2.0 to 2.5V. 
Yellow 2.2 to 3.5V 
Green 2.5 to 3.5V 
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TIMING DIAGRAMS (Cont'd) 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 


OUTPUT i, 


Figure 4 


TYPICAL PERFORMANCE CURVES 


OUTPUT CURRENT VS 
OUTPUT VOLTAGE 


Rp = 7K2 
OVER TEMP. RANGE 
im ee ee 
\ 
ant 
[ee ee ee 
a 


OUTPUT CURRENT VS 
PROGRAM RESISTOR 


Voc = 5.0 VOLTS =Vs 
Ta = 25°C — 
Vout =2V 


lour (mA) 
lout (mA) 


0 
0 10 20 30 40 50 6.0 


Rp (Kohms) 


Vout (VOLTS) 


These voltages are all for single diode dis- 


plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt- 
age drop was around 3.5V. 


Thus a maximum power dissipation calcula- 
tion when all segments are on, is: 
Pg = Vcc X Icc + (Vg — Ve) X 7 X Igeg X Koc 
mW 
Assuming Vs = Vcc = 5.25V 
Ve = 2.0V 
Kpc = 100% 
Pg max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 


NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 


10 20 30 40 50 60 70 80 
TEMPERATURE (°C) 


SUPPLY CURRENT VS 
SUPPLY VOLTAGE 


NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 


70 
Vs = 5.0 VOLTS 


Vout = 2.0 VOLTS 
Rp = 7.0 Ko 
ALL OUTPUT ON 


Vout =2.0V 60 
TEMP = 25°C 


50 
40 
30 
20 


10 
45 5.0 §.5 . 4.0 4.5 5.0 §.5 6.0 7.0 


Vec (VOLTS) Vcc (VOLTS) 
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TYPICAL PERFORMANCE CURVES (cont'd) 
SUPPLY CURRENT VS SUPPLY VOLTAGE 


TYPICAL APPLICATIONS 


Rp = 7K 
Vour = 2V 
att OUTPUTS “ON” 


Vcc (VOLTS) ——» 


DRIVING A SINGLE DIGIT 


Voc 
O 


NOTE 


Decoupling capacitor on Voc should be 0.01 uF ceramic 


Figure 5 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 


Pg av = 5.0 X 30 + 3.00 x 5 X 25 mW 
= 525 mW ; 


Operating temperature range limitations can 
be deduced from the power dissipation 
graph in figure 9. 


However, a major portion of this power dissi- 
pation (Pg max) is because the current 
source output is operating with 3.25 V 
across it. in practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte- 
grated circuit. 


Suppose the worst case VCcC/Vs supply is 
4.75 to §.25V, and that the maximum V_ for 
the LED display is 2.25V. Only 2.75V is re- 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis- 
tor from Vcc to Vs. The value of this resis- 
tor is calculated by: 
2.0 


7 X Igeg 

assuming worst case Igeg of 30 mA 

Hence now Pg max = Voc X Icc + (Vg — Vv - 
Rx X 7 X Igeg) X 7 X X Iseg 
X Koc 
= §.25 X 50 + 1.25 X7 X 30 
mW 
= 525 mW 

and Pg ay = 5.0 X 30 + 1.25 x 5 X 25 

= 306 mW 


s 102 (% W rating) 


if a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen- 
dent of the number of “ON” segments and 
will be equal to 


Vg ~ Ve — 9Vg.Vo = 0.8V 


Where n is the number of diodes used, pow- 
er dissipation can be calculated in a similiar 
manner. 


In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi- 
pation. it may even be an advantage to use a 
digit driver which drops an appreciable volt- 
age, rather than the saturating PNP transis- 
tors shown in figure 8. For example a dar- 
lington PNP or NPN emitter follower may be 
preferable. Figure 7 shows the NE591 as 
the digit driver in a multiplexed display sys- 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat- 
ed circuits. 


Where Vs and Vcc are two different sup- 
nlies, the Vs supply may be optimized for 
Ainimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs sup- 
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu- 
lated 5V supply used in the rest of the sys- 
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voitage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 


ISEG 


The duty cycle tor this system depends upon 
Vs, Ve and the output characteristics of the 
display driver. 


With 
Vg = 4.9V pk. 
Ve = 2.0V 


The duty cycle is approximately 60%. 
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4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
_ AND LEADING EDGE RIPPLE BLANKIN 


8 
(By | | Ea | 
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ADDRESS BUS 


ADDRESS 
DECODE 
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TYPICAL APPLICATIONS (Cont'd) 


4-DIGIT MULTIPLEXED LED DISPLAY 


DIGIT 2 O > O 
i O 


OGIT3 © 


DIGIT 4 O-—-—4 po 
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Figure 8 


For additional information, refer to the Applications Section. 
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“ADDRESSABLE PERIPHERAL DRIVERS -  NES9O/NES94 


* 


DESCRIPTION | FEATURES | PIN CONFIGURATION 


The NE590/591 addressable peripheral e¢ 8 high current outputs 

drivers are high current latched drivers, e¢ Low-loading bus compatible inputs 
similar in function to the 9334 address de- © Power-on clear ensures safe operation 
coder. The device has 8 Darlington power ¢ NES590 will operate in addressable or 
outputs, each capable of 250mA load cur- demultiplex mode 

rent. The outputs are turned on or off by Allows random (addressed) data entry 
respectively loading a logic high or logic e Easily expandable 

low into the device data input. The required © NE590 is pin compatible with 54/74LS259 
output is defined by a 3-bit address. The 

device must be enabled by aCE input line. APPLICATIONS 

A common clear input, CCR, turns all out- e Relay driver 

puts off when a logic low is applied. e Indicator lamp driver 


: Triac trigger 
The NE590 has 8 open collector Darlington © LED display digit driver 


outputs which sink current to ground. The : 
ORDER NUMBERS 

device is packaged in a 16-pin molded or sleppermotor adver NESOON.E 

cerdip package. 


F,N PACKAGE 


TOP VIEW 


The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vcc supply. The device is pack- 
aged in an 18-pin molded or cerdip pack- 
age. 


F,N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
NES91N,F 


PIN DESIGNATION 
590 
PIN NO. 


SYMBOL | NAME & FUNCTION 


A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 


The 8 device outputs. The NE590 has open collector Darlington outputs: The 
NE591 has open emitter follower outputs. 


The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

“1” turns output switch “ON” 

“0” turns output switch “OFF” 


Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 


The chip enable. When this input is low, the output latches will accept data. When 
CE goes high, all outputs will retain their existing state, regardless of address or 
data input conditions. 


The clear input. When CLR goes low all output switches are turned “OFF”. On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CLR low will override any other condition. 


The chip select input provides for an additional level of address decoding. 


The Vs line provides the power to all 8 output devices. It is connected to the 
coliectors of all 8 output transistors. This pin may be connected to the Vcc or 
another supply. 
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TRUTH TABLE (NE590) 


INPUTS OUTPUTS 
CLR CE D Ao At A2} Qo Q1 Q2g Q3z Ag As Ag Q7 


Demultiplex 


H O-—_—_—_— 
L Qn-1-—————_———— 
Qn-1 H Qn-1-——--—> 
Qn-1 LL Qn-1 

QnN-1-————— H 
Qn-1-————_——_———_——— L 


Addressable 
Latch 


aE re se eS 
ee ea a SS ee ee 
Tae eee ie Le ee 
eee ee Pee | eer a ra 


X - Don't care condition 

Qn : © Previous output state 

L = Low voltage level/"“ON" output state 
H High voltage level/“OFF" output state 


(NE591) 


INPUTS OUTPUTS 
S 


L Qn-1 
H Qn-1 
Qn-1 Lo Qn-1 Addressable 
Latch 
Qn-1 H Qn-1 


Toe ear ea se Oe xX 


X = Don't care 

Qn-1 = Previous Output state 

L = Low voltage level/“OFF” output state 
H = High voltage level/“ON” output state 
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> 1-OF-8 
Pp. |DECODER} 


(NE591t ONLY) 


INPUT STAGE NE590 OUTPUT STAGE 


Voc 
NE591 
Vs 


ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless 


otherwise specified. 


PARAMETER RATING | UNIT] 


Vcc Supply voltage ~0.5 to +7 
VIN Input voltage -0.5 to +15 
Vout Output voltage 


NE590 0 to +7 
NE591 0 to Vcc 
Vs Source bus voitage 
NE591 only -0.5 to +7 
Vs-Vcc Source/supply differential 
voltage 
NE591 only -§ to +2 
lout Output current 
Each output 300 
All outputs 1000 
Pop Power dissipation! 1 
Temperature range 
Ta Ambient 0 to +70 
Ty Junction 165 
TsTG Storage -65 to +150 
Tsold Lead soidering temperature 300 
(10sec max) 


us ELECTRICAL CHARACTERISTICS Voc = 4.75 to 5.25V, 0°C < Ta < 70°C unless otherwise specified.2.3 


PARAMETER 


Input voltage 
High 

Low = 
Output voltage 
Low (NE590 only) 


High (NE591 only) 
Input current . 


NH High | 
He Low, 
CE input 


All other inputs 
Leakage current 


4 Supply current4 
lool All outputs low 
NE590 
NE591 
ICCH All outputs high 
NE590 
NE591 


NOTES 


1. Derate power dissipation as indicated above threshold ambient temperature: 


NESQON at 9.3 mW/°C above 85°C 
NESOOF at 7.5 mW/°C above 65°C 
NESOIN at 11.5 mW/°C above 100°C 
NESSIF at 10.7 mW/°C above 72°C 
2. All typical values are at Vcc = 5V and Ta ~ 25°C. 
3. For the NE591, Vs = Vcc in ail tests. 
4. Supply current for the NE591 is measured with no output load. 
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lo. = 250mA, Ta = 25°C 


: V 
a ‘ = 1.0 1.3 
Over temperature | | | 1.5 
OH = -250mA, Voc = Vs = 5V | ; | 


Vout = 5.25V 


_ LIMITS 
TEST CONDITIONS | UNIT 


| mA 
33 50 
15 50 
15 50 
30 50 | 


LINEAR LSI PRODUCTS 


ADDRESSABLE PERIPHERAL DRIVERS NE590/NE594 


SWITCHING CHARACTERISTICS Vcc =5V, To = 25°C 


PARAMETER UNIT 
_pamameren | to |e ee De ae [| oT 
Propagation delay time 
Low to high$ 65 50 80 
High to lows 115 70 120 


Low to highs 65 70 

on ow ee eT TEE Tee 

Low to high? 100 200 80 

ight SE EEE 

Low to high8 Sa 

ro ee 
Output 


Low to high5 


a 40 80 
right ow os | | | tT [mlm] 
SWITCHING SET-UP REQUIREMENTS 
ts(H)9 Chip enable High data 210 60 50 15 
ts(L)9 enlp enable Low data 210 —s 80 =a 


Chip enable High data Ears 
— enable Low data 
Chip enabe [Tow chip oie | 
towiE) Chip enable pulse widths a a Oe 


NOTES 
5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing 
diagram. 
6. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 
"7. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 
8. See Turn-Off Delay. Clear to Output timing diaqran 
9. See Setup and Hold Time, Data to Enable tuning diagram. 
10. See Setup Time, Address tu Enable tinting diagram. 


TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 
AND ENABLE PULSE WIDTH 


Q (NE590) 


Q (NE590) 


Q (NE591) 


Q (NES91) 


Other Inputs: CLR H, A Stable, Other Inputs: CE CSL. ._ A- Stable 
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ADDRESSABLE PERIPHERAL DRIVERS _ | ~NES9O/NES94 | 


TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT TURN-OFF DELAY, CLEAR TO OUTPUT 


CLR 


Q (NE590) 


Q (NE590) Q (NE591) 


Other Inputs: CE = L, ; Other Inputs: CE=H, CS=H 


SETUP AND HOLD TIME, DATA TO ENABLE 


Other Inputs: CLR=H, CS=L 
Q (NE590) UY) MU, 
Q (NE591) Wy, VY) 


Other Inputs: CLR H. A ~~ Stables CS=L 


INTERFACING THE 590/591 WITH A 
MICROPROCESSOR SYSTEM 


2 
Ww 
Qo 
q 
= 
= 
O° 
> 
i 
] 
a. 
rr 
2 
o 


C$ (591 ONLY) 


oo000000 
NON WNHO 
Oo000000 
NONEONY=SO 


1/0 
CONTROL 


OUTPUT VOLTAGE DROP (Vcc-Vo) 


OUTPUT LOAD CURRENT (mA) Au. Ai, Az. and CS may be connected to the 


address bus if permitted by system design. 
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TYPICAL APPLICATIONS (Cont'd) 
NE590 DRIVING SIMPLE LOADS NE590 OPERATING IN DEMULTIPLEX MODE 


4165 


LINEAR LSI PRODUCTS | 


VACUUM FLUORESCENT DISPLAY DRIVER 


SA/NES94 


DESCRIPTION FEATURES PIN CONFIGURATION 
The SA/NE594 is a display driver interface for e Digit and/or segment drivers 
vacuum fluorescent displays. The device is © Active output pull-down circuitry | N, F PACKAGE 
comprised of 8 drivers and a bias network and ~—e:_ High output breakdown voltage 

is capable of driving the digits and/or seg- © Low supply voitage 

ments of most vacuum fluorescent displays. © input compatible with all logic outputs 


The inputs are designed to be compatible . 
with TTL, DTL, NMOS, PMOS or CMOS out- APPLICATIONS 
put circuitry. ® Digital clocks 

e Dashboard displays 


There is an active pull-down circuit on each , Panel displays 


output so that display ghosting is minimized 
and no external components are required for 
most fluorescent display applications. 


TOP VIEW 


ORDER NUMBERS 
SA/NE594N SA/NE594F 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise noted) 


Supply voltage 


Output voltage Vcc 

Input voltage —0.3, +20 

Output current 

Each output 50 

All outputs 200 

Power dissipation * 800 

(at 25°C) 

Operating temperature range 

NE 0 to 70 

SA —40 to +85 

Storage temperature range +65 to +150 

Maximum junction temperature — 165 

Lead soldering temperature : 300 

(10 seconds) TORN 
NOTE : | 7 | ORDER NUMBER 
*Derate N (Plastic) Package above 38°C at 7.14 mW/°C. NEBEAD’ 

Derate F (Ceramic) Package above 75°C at 10.8 mW/°C. 
NOTES: 

EQUIVALENT SCHEMATIC 1. SOL - Released in Large SO package only. 


2, SOL and non-standard pinout. 
3. SO and non-standard pinouts. 


X8 


O GND 
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DC ELECTRICAL CHARACTERISTICS Vcc = +4.75 to +40V, Ta (NE) = Oto 70°C, Ta (SA) = —40 to +85°C unless otherwise 


stated. 


PARAMETER 


Supply voltage range 


ICCH Supply current (all outputs high) 
ICCL Supply current (all outputs low) 


Input voltage range 
Input voltage to ensure logic ‘1’ 
Input voltage to ensure logic ‘0’ 


input current to ensure logic ‘1’ 
Input current to ensure logic ‘0’ 
Input current 


Output high voltage 


Output high, no load voltage 


Output ‘OFF’ voltage level 


Available output current 


| lout Output pulidown current 


icEX Output leakage current 


LIMITS 
TEST CONDITIONS 
Voc = 40V VIN = 3.5V 
Voc = 40V VIN = 0.4V 


180 
.68 


Over Temp. | 4 


Vout with respect to Vcc 


louT = —25mA 


lout = 0, Ta=25°C 
VOUT with respect to Voc 
VIN = 0.8V 
lout = 0 


Voc = 35V VIN = 3.5V 
Vout = 30V 
TA = 25°C 


Vcc = Vout = 35V 
Inputs open 
Ta = 25°C Vin = 0.4V 
Voc = 40V, VouT = OV 


AC ELECTRICAL CHARACTERISTICS! Vcc = 35V, Ta = 25°C 


PARAMETER 


Propagation delay - low to high 
output transition. 
Propagation delay - high to iow 
output transition. 


Output rise time 


TEST CONDITIONS 


50% Vin to 50% Vout 


50% Vin to 50% VouT 


Output fall time 


NOTE 
1. See figure 1 
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VACUUM FLUORESCENT DISPLAY DRIVER 


TEST CIRCUIT 


Voc = 35V 


SWITCHING TIMES OF DRIVERS | 
VOLTAGE WAVEFORMS 
CR a ee | 

Vout 


VIN 


Prr = 10kHz 
tr = te = (50ns) 


Ri . 


CL 
RL = 10ki) 
Cy = 5OpF 


INCLUDES PROBE AND 
FIXTURE CAPACITANCE 


Figure 1 


Vout 


locH VS TEMPERATURE 


TYPICAL PERFORMANCE CHARACTERISTICS 
lin VS Vin 


Temperature °C ——® 


Vin(V) 


Icc VS Vcc (ALL INPUTS HIGH) 


OUTPUT VOLTAGE VS OUTPUT CURRENT 


Veco (Vv) > 


lout (mA) ———> 
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TYPICAL APPLICATION 
DIGITAL CLOCK WITH ALARM 


+V+16TO + 40V 


ALARM 
ENABLE 


0. '. 
2N222 
12V be. : 
+ 
= woot? 
R, 
100K id 80 
Ry 
- 100K 


ITRON JJA 
CLOCK DISPLAY 


[| 


Tz 


+4~O7-OCZO} -0n OC 


Figure 2 
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LINEAR LSI PRODUCTS 


HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 


DESCRIPTION EQUIVALENT SCHEMATICS PIN CONFIGURATION 


These high-voitage, high-current Darling- 
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur- 
rents to 600mA are aliowable, making them 
ideal for driving tungsten filament lamps 
also. 


TYPE ULN2003 D,N,F PACKAGE 
(each driver) 


The Type ULN2003 has a series base resis- 
tor to each Darlington pair, and thus 
allows operation directly with TTL. or 
CMOS 5V supply voltage. 


TOP VIEW 


The Type ULN2004 has an appropriate TYPE ULN2004 ORDER NUMBERS 
series input resistor to allow its operation (each driver) ULN2003D,N,F 
directly from CMOS or PMOS outputs uti- ULN2004D,N,F 


lizing supply voltages of 6 to 15V. The 
required input current is below that of the 
Type ULN2003. 


In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic package. 


FEATURES 


® Peak inrush current 600mA 

e Protected internally against inductive 
loads 

e Open coilector topology 

¢ Compatible with most logic technologies 


ABSOLUTE MAXIMUM RATINGS = at 25°C Free-Air temperature for any one 


Darlington pair unless otherwise specified. 


PARAMETER 


Output voltage 50 
Input voltage 30 
Emitter base voltage 6 

Continuous collector current | 500 


Continuous base current 25 


Power dissipation 1.3 
Derating factor above 25°C 95 
Ambient temperature range (operating) 0 to +85 
Storage temperature range -65 to +150 


"NOTE 
Under normat operating conditions, these units will sustain 350mA per output with 
VcE(SAT) = 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%. 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ULN2003/04 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1.2.3 


LIMITS 
UNIT 
Typ | Max | 


| Min | Typ 
100 A 
BEIFE 


PARAMETER TEST CONDITIONS 


ICEX Output leakage current Vce = 50V, Ta = 70°C 
Type ULN2004 Voce = 50V, Ta = 70°C, Vin = 1V 


VcE(SaT) Collector-emitter lc = 350mA, Ip = 500uA 
Saturation voltage Ic = 200MA, Ip = 350uA 


ic = 100mA, ig = 250uA 
IiN(ON)  INput Current 
Type ULN2003 VIN = 3.85V 
Type ULN2004 VIN = 5V 
Vin = 12V 


IIN(OFF) Input current Ic = 500uA, Ta = 70°C 4 


Vce = 2V, Ic = 200MA 
_ lc = 250mMA 
lc = 300mMA 
, lc = 125mA 

Voce = 2V, Ic = 200MA 

VceE = 2V, Ic = 275mA 
. VceE = 2V, Ic = 350MA 


SO 


IR Clamp diode leakage VR = 50V 
current 
Ve Clamp diode forward voltage le = 350MA 7 


NOTES 


VIN(ON) INput voltage 


Type ULN2003 


Type ULN2004 


nn 
on —_ = mn 
7 ee + aa esl as BE 
,o°o 
wo 
Oana 
er 
ag 
3 
> 


<<< cjc cc Bs 


1. Alllimits stated apply to the complete Darlington series except as specified fora single 
device type. 

The lincorF, Current limit guarantees against partial turn-on of the output. 

The Vin(On) voltage limit guarantees a minimum Output sink current per the specified 
test conditions. 


won 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1.2.3 


PARAMETER TEST CONDITIONS 


teLH Turn-on delay 0.5 Ej to 0.5 Eout 
tpH. Turn-off delay 0.5 Ein to 0.5 Eout 


NOTES 


1. Alllimits stated apply to the complete Darlington series except as specified fora single 
device type. 

2. The lin(orr) Current limit guarantees against partial turn-on of the output. 

3. The Vin(on) voltage limit guarantees a minimum output sink Current per the specified 
test conditions. 


LIMITS Fai 
~~ 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS ——: ULN2003/04 


TYPICAL PERFORMANCE CHARACTERISTICS 


COLLECTOR CURRENT AS AFUNCTION COLLECTOR CURRENT ASAFUNCTION ALLOWABLE AVERAGE PACKAGE 
OF POWER 
SATURATION VOLTAGE INPUT CURRENT DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 


c 


COLLECTOR CURRENT INmA- 1 Cc 
COLLECTOR CURRENT IN mA - | 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


SATURATION VOLTAGE - VCE(SAT) AMBIENT TEMPERATURE IN C 


INPUT CURRENT AS A FUNCTION OF INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN2003 INPUT VOLTAGE FOR TYPE ULN2004 


INPUT CURRENT IN mA - i 


INPUT CURRENT IN mA - i 


INPUT VOLTAGE - Vin INPUT VOLTAGE - Vi,, 


TEST FIGURES 


Figure 1A Figure 1B Figure 2 
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HIGH VOLTAGE/HIGH CURRENT DARLINGTON TRANSISTOR ARRAYS 


ULN2003/04 


TEST FIGURES (Cont'd) 


Figure 3 


Figure 6 
TYPICAL APPLICATIONS 
TTL TO LOAD 


ULN2003 


mh 
OUTPUT 


Figure 4 


BUFFER FOR HIGHER 
CURRENT LOADS 
ULN 2004 


Figure 7 


Figure 5 
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LVDTSIGNALCONDITIONER __NES520 


DESCRIPTION FEATURES | PIN CONFIGURATION | 


The NE5520 is a signal conditioning cir- © Osclilator frequency: 1kHz to 20kHz DYE PACKAGE 
cuit for use with Linear Variable Differen- « Low distortion 
tial Transformers (LVDT). The chip includes , Capable of ratiometric operation 


a low distortion amplitude stable sine 
wave oscillator with programmable fre- ° Single supply operation SV to 20V or 
quency to drive the primary of the LVDT;a -4uall supply + 2.5V to = 10V 
synchronous demodulator to convert the °* Low power consumption 
LVDT output amplitude and phase to posi- 
tion information; and an output amp to 
provide gain and filtering. APPLICATIONS 

e LVDT signal conditioning 


e RVDT signal conditioning 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage + 20 


Split supply voltage +.10 pemop our [5] 


Operating temperature range Oto +70 
Storage temperature range —65 to +165 
Power Dissipation (Note 1) 840 


TOP VIEWS 
ORDER NUMBERS 


NE55200! 
NE5520F (16-Pin), NESS20N (14-Pin) 


NOTES: 
1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 


BLOCK DIAG RAM : 3. SO and non-standard pinouts. 


N 


NOTES: ; : 
1. Supplied only in large SO (Smail Outline) package. See package diagram. . 
2, Pin numbers are for N package. 
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LVDT SIGNAL CONDITIONER NE5520 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, Vz=V+ = 10V unless otherwise specified. 


NE5520 
PARAMETER TEST CONDITIONS 7 UNIT 
yp [Max | 


Reference voltage range 
Power dissipation 
Oscillator section 


Sine wave distortion 

Initial amplitude error 

Tempco of amplitude 

Voltage coef. of amplitude error 


° 
o~ 


% 
%1°C 
YIN 
% 
%I°C 
%IV (Vp) 
mA (rms) 


H 


CO 
|< 


NO 
O 


Initial accuracy of osc. frequency 


Tempco of frequency error 


Voltage coef. of frequency 


Oscillator output load current 
Over temp. 


Demodulator section 


FeLLTTH 
lhe 


J 


— 
on 


mA (rms) 


Linearity error 


=) 
3 


Over temp. 


Maximum demodulator input Over temp. range —+0.5 


SF | 
I 
oS 
oOo 


| 
(ev) 


= 


ia 


Demodulator offset voltage Over temp. range 


Over temp. 


| 
| a 


— 300 
+ 0.5 


=) 
> 


Demodulator input current 


= 
3 


 f 
i 


Vel2 accuracy — 
Auxiliary Output Amplifier 


Input offset voltage | Over temp. ! — 10 
Input bias current Over temp. range — 500 — 300 n 


— 100 


Ri = 10k@ over temp. | 100 
| A,=1 


R, = 10K over temp. 


ak 
S 
—) 
2 

> 


Input offset current 
VimvV 
V/nsec 


Slew rate 
Gain bandwidth 


| Output voltage swing 


Output short circuit current 


NOTE 
Rating applies to ambient temperatures up to 70°C. Above 70°C derate linearly at 7.6mW/°C for the plastic package and 7.3mW/°C for the cerdip package. 


= 
am 


i< 


V+ —1.5 


a 
nn 
—_ 
ook ” 


3 
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LVDT SIGNAL CONDITIONER 


NE5520 


TYPICAL PERFORMANCE CHARACTERISTICS 


lp AND I* vs TEMPERATURE 


Vt a Vax 10V 


110 
TYP: F = eu) 


100 1K 10K 100K 1000K 


DISTORTION OF SINE WAVE 
vs REFERENCE VOLTAGE 


Ru =i kn: OSC TO OSE | 


THD (%) 


§ 10 18 20 
V+ = Vp (VOLTS) 
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Ip AND I* vs VOLTAGE 


5 10 15 20 
V + = Vp (VOLTS) 


DEMODULATOR OFFSET 
vs TEMPERATURE 
(NORMALIZED TO 25°C) 


Vt wVpax 10V 
(TYP: + 250 pV/*C) 


OSCILLATOR AMPLITUDE VARIATION 
WITH TEMPERATURE 


~- §5 


0 25 70 125 


AVosc (%) 
wn 
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LVDT SIGNAL CONDITIONER 


NE5520 


TYPICAL SINGLE SUPPLY LVDT CIRCUIT 


SINE WAVE 
CONVERTER 


_LOW PASS 
FILTER 


OUTPUT 
SIGNAL 


For additional information, refer to the Applications Section. 


4-177 


|| 


LINEAR LS] PRODUCTS 


[ovmnamnveurmnartineararay-topvaresaiensanseaeatarattainds nstrretei Two rare SPanSsaA er SSASRg omy TOSSES TSN TRO S/ RES Sen TETASISS/ SSE renSD PSNR ENSSErU=aeRSAnERSnaesTaENRSapsnsoanAen rin ieteeteniatiysSsiOtenesesnERsPEnSietrvanp Ssanastnteepqseensnreniarapinnnar eainienenteattinerariedeiAnvennaRsiesstitiA ears TaRaStS TUES 
er rere en ec ten enn tnnsntltatueepatnesennatinennenaed tenet enemas anetararertrawenar at re nn aR Ree rene eh nT eS ea Se en te SS ECR oC 


_SAMPLE AND HOLD CIRCUITS—SYMBOLS AND DEFINITIONS __ 


Acquisition Time 

The time required to acquire a new analog input voltage with an 
output step of 10V. Note that acquisition time is not just the 
time required for the output to settle, but also includes the time 
required for all internal nodes to settle so that the output 
assumes the proper value when switched to the hold mode. 
Aperture Delay Time 

The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 

Also called ‘aperture uncertainty time”, it’s the time varlation or 
uncertainty with which the switch opens, or the time variation in 
aperture delay. 

Aperture Time : 

The delay required between “hold” command and an input 
analog transition, so that the transition does not affect the hold 
output. 

Dynamic Sampling Error — 

The error introduced into the held output due to a changing 
analog input at the time the hold command is given. Error is ex- 
pressed in mV with a given hold capacitor value and input slew 
rate. Note that this error term occurs even for long sample times. 
Effective Aperture Delay | 

The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 


The ratio of the available charging current during sample mode 
to the leakage current during hold mode. 
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Gain Error 

The ratio of output voltage swing to input voltage swing in the 
sample mode expressed as a percent difference. 

Hold-Mode Droop 

The output voltage change per unit of time while in hold. Com- 
monly specified in V/s, uV/us or other convenient units. 
Hold-Mode Feed Through 

This percentage of an input sinusoidal signal that is measured at 
the output of a sample-hold when it’s in hold mode. 

Hold Settling Time 

The time required for the output to settle within imV of final 
value after the “hold” logic command. 

Hoid Step 


The voitage step at the output of the sample and hold when 
switching from sample mode to hoid mode with a steady (dc) 
analog input voltage. Logic swing is 5V. 


Sample-To-Hold Offset Error 

The difference in output voltage between the time the switch 
starts to open, and the time when the output has settled com- 
pletely. It is caused by charge being transferred to the hold . 
capacitor switch as it opens. 

Slew Rate 

The fastest rate at which the sample & hold output can change 
(specified in V/us). 

Threshold 


Level shal! be defined as that level which causes the switch con- 
trol to change state. 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 


DESCRIPTION 


The Signetics LF198/LF298/LF398 are 
monolithic sample and hold circuits which 
utilize high-voltage lon Implant JFET tech- 
nology to obtain ultra-high DC accuracy 
with fast acquisition of signal and low 
droop rate. Operating as a unity gain fol- 
lower, DC gain accuracy is 0.002% typical 
and acquisition time is as low as 6us to 
0.01%. A bipolar input stage is used to 
achieve low offset voltage and wide band- 
width. Input offset adjust is accomplished 
with a single pin and does not degrade 
input offset drift. The wide bandwidth 
allows the LF 198 to be included inside the 
feedback loop of 1MHz op amps without 
having stability problems. Input imped- 
ance of 10'°9 allows high source imped- 
ances to be used without degrading accu- 
racy. 


P-channel junction FET’s are combined with 
bipolar devices in the output amplifier to 
give droop rates as low as 5mV/min with a 
1uF hold capacitor. The JFET’s have much 
lower noise than MOS devices used in pre- 

-vious designs and do not exhibit high tem- 
perature instabilities. The overall design 
guarantees no feed-through from input to 
output in the hold mode even for input sig- 
nals equal to the supply voltages. 


Logic inputs are fully differential with low 
input current, allowing direct connection 
to TTL, PMOS, and CMOS. Differential 
threshold is 1.4V. The LF198/LF298/LF398 
will operate from +5V to + 18V supplies. 
They are available in an 8-lead TO-5 pack- 
age, or an 8-pin plastic DIP. 


FUNCTIONAL DIAGRAM 


al 
LoGiC 

| 

Locic oi! 
REFERENCE 


L 


CAPACITOR 


FEATURES 


© Operates from +5V to + 18V supplies 

© Less than 10us acquisition time 

e TTL, PMOS, CMOS compatible logic 
input 

© 0.S5mV typical hold step at Cp, = 0.01yF 

® Low input offset 

® 0.002% gain accuracy 

© Low output noise in hold mode 

© Input characteristics do not change 
during hold mode 

© High supply rejection ratio in sample or 
hold 

© Wide bandwidth 


APPLICATIONS 


e The LF198/LF298/LF398 are ideally 
sulted for a wide variety of sample and 
hold applications including data 
acquisition, analog-to-digital 
conversion, synchronous demodu- 
lation, and automatic test setup. 


__LFA98/ LF298/LF398 


F,N PACKAGE 


| 8 | LOGIC 
LOGIC 

REFERENCE 

16} Ch 

| 5 | OurTPur 


v+ [1] 


OFFSET 
VOLTAGE 2 | 


INPUT | 3 | 
v- 14] 


TOP VIEW 
ORDER NUMBERS 


LF198F, LF298F, LF398F 
LF198N, LF298N, LF398N 


H PACKAGE 


TOP VIEW 


ORDER NUMBERS 
LF198H, LF298H, LF398H 


D3 PACKAGE 


TOP VIEW 


ORDER NUMBER 
LF398D 


NOTES: . 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


TYPICAL APPLICATIONS 


ANALOG INPUT O 


SAMPLE SV 


HOLD OV 


LOGIC 
INPUT 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS —»=———éCLF 498 /LF298/LF398 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER | RATING . 


Supply voltage 
Power dissipation (package limitation)' 500 
Operating ambient temperature range 


LF198 -~55 to + 125 


LF298 -25 to +85 
LF398 _ Oto +70 


Storage temperature range ~—65 to +150 
. Equal to 
supply voltage 
Logic to logic reference differential voltage” +7, —30 
Output short circuit duration indefinite 
Hold capacitor short circuit duration 10 

Lead temperature (soldering, 10sec) 300 


Input voltage 


DC ELECTRICAL CHARACTERISTICS unless otherwise specified, the following conditions apply. Unit is in “sample” mode, 
Vg = + 18V, Tj = 26°C, —11.5V < Vin < +11.5V, Ch = 0.01pF, and RL = 10k®. Logic 
reference voltage = OV and logic voltage = 2.5V. 


PARAMETER TEST CONDITIONS | 
| amaweren | [Min | Typ | Max | 
Input offset voitage® i= eee Lay : 
_— °° | T= 25°C 25 
6 | 
NpUL wiasiculrent Full temperature range mies 


Input impedance | Tj = 25°C ; 
: | T, = 25°C, R, = 10K 0.002 | 0.005 
Full temperature range _ m2 
Feedthrough attenuation ratio at 1kHz | | 86 | 
Output impedance : Tipe coe ee 
| Full temperature range 
“HOLD” step‘ 


ne 

Cos 

C ras 

ae 
Ey 

= 


rT 
TI 
awh 
© 
@ 
r 
TN 
N 
© 
eo 


NOTES 

1. The maximum junction temperature of the LF 396 ia 150°C. When operating at elevated 4. Hold step is sensitive to stray capacitive coupling between input logic signals and the 
ambient temperature, the TO-5 and plastic DIP packages must be derated based on & hoid capacitor. ipF, for instance, will create an additional 0.5mV step with a 5V logic 
thermal resistance (6jA) of 160°C/W. swing and a 0.0 tuF hold capacitor. Magnitude of the hold step is inversely proportional 

2. Although the differential voltage may not exceed the limits given, the common-mode to hold capacitor value. 

’ voltage on the logic pine may be equal to the supply voltages without causing damage 5. Leakage current is measured at a junction temperature of 25°C. The effects of junction 
to the circuit. For proper logic operation, however, one af the logic pins must always be temperature rise due to power dissipation or elevated ambient can be calculated by 
at least 2V below the positive supply and 3V above the negative supply. doubling the 26°C value for each 11°C increase in chip temperature. Leakage is 

3. Uniess otherwise specified, the following conditions apply. Unit is in “sample” mdde, guaranteed over full input signal range. 

Vg = + 15V, Tj = 25°C, —11.8V S Vin S +11.5V, Ch = 0.01uF, and Ry = 10k. Logic 6. The parameters guaranteed over a supply voltage of +5 to + 18V. 


reference voltage = OV and logic voltage = 2.5V. 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS 


TYPICAL DC PERFORMANCE CHARACTERISTICS 


INPUT BIAS CURRENT OUTPUT SHORT CIRCUIT CURRENT 


z @ 
= E 
5 5 5 
Ww WwW 
5 0 S 
oO () 
it oh eee 
-10 
-15 
~-50 -25 0 25 50-75 100 125 150 -50 -25 Oo 25 50 75 100 125 150 
JUNCTION TEMPERATURE (Cc) JUNCTION TEMPERATURE (°C) 
HOLD STEP LEAKAGE CURRENT INTO 
HOLD CAPACITOR 
Ss pat 
£ = 
my 
- z 
¥ 
2 s 
2 (S) 


100pF 1000pF 0.01uF 0. 1nF WF -50 -25 Oo 25 50 75 100 125 150 


HOLD CAPACITOR JUNCTION TEMPERATURE (°C) 


PES aes 


TYPICAL AC PERFORMANCE CHARACTERISTICS 


ACQUISITION TIME APERTURE TIME 


Vin = 0 TO + 10V 
vt = y— = 15V 
AVout < Imv 


TIME (us) 
TWAE (ns) 


-50 -25 0 26 60 75 100 125 150 


HOLD CAPACITOR (uF) JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE—OUTPUT VOLTAGE (mV) 


NORMALIZED HOLD STEP AMPLITUDE 


FINAL SAG (mV) 


LF198/LF298/LF398 


GAIN ERROR 


INPUT VOLTAGE (V) 


HOLD STEP INPUT VOLTAGE 


“INPUT VOLTAGE (V) 


CAPACITOR HYSTERESIS 

POLYPROPYLENE 

is 
a 


POLYPROPYLENE 
AND POLYSTYRENE © 
HYSTERESIS 


SAMPLE THE (ms) 
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MONOLITHIC SAMPLE AND HOLD CIRCUITS —— —sCLFADS/LF298/LFS98 | 


TYPICAL AC PERFORMANCE CHARACTERISTICS (cont'a) 


DYNAMIC SAMPLING ERROR OUTPUT DROOP RATE “HOLD” SETTLING TIME 
- 490 , 
10~1 
o = 
> 7,) a 
E =. 1072 Ww 
5 a F 
& > 
m q 
10~3 
1074 
0.1 1 10 100 1000 100pF 1000pF 0.01uF 0. 1uF uF -§0 -25 0 25 50 75 100 125 150 
INPUT SLEW RATE (V. ms) HOLD CAPACITOR JUNCTION TEMPERATURE (°C) | 
PHASE AND GAIN POWER SUPPLY REJECTION OUTPUT NOISE 


(INPUT TO OUTPUT, SMALL SIGNAL) 


re ae ce ae 
IFN 
os 1000pF ~ 4 1 EY 
— 
oo 


GAIN—INPUT TO OUTPUT (dB) 
Na A 
— ~S 
2 
Co} 
(.) Av13d 3SVHd LNdLNO OL LNANI 
REJECTION RATIO (dB) 
NOISE (nV /VHz) 


FREQUENCY (Hz) FREQUENCY (Hz) . FREQUENCY (Hz) 


FEEDTHROUGH REJECTION RATIO 
(HOLD MODE) 


FREQUENCY (Hz) 
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SAMPLE AND HOLD AMPLIFIER 


SE/NE5537 


DESCRIPTION 

The NE6&537 monolithic Sample and Hold 
amplifier combines the best features of ion 
implanted JFET's with bipolar devices to ob- 
tain high accuracy, fast acquisition time, 
and low droop rate. This device is pin com- 
patible with the LF 198, and features supe- 
rior performance in droop rate and output 
drive capability. The circuit shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the Sam- 
ple mode. The first amplifier has bipolar in- 
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve low leak- 
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera- 
ture. The output stage has the capability to 
drive a 2KQ load. The logic input is compati- 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Power dissipation (package limitation) ' 
Operating ambient temperature range 
SE5537 
NE5537 
Storage temperature range 


Input voltage 


Output short circuit duration 
Hold capacitor short circuit duration 
Lead temperature (soldering, 10sec) 


NOTES 


1. The maximum junction temperature of the SE5637 is 160°C and for the NE5537 
is 100°C. When operating at elevated ambient temperature, the TO-5 and plastic DIP 


PARAMETER RATING 


Logic to logic reference differential voltage? 


ble with TTL, PMOS or CMOS logic. The dif- 
ferential logic threshold is 1.4V with the 
Sample mode occurring when the logic input 
is high. It is available in 8-lead TO-5 and 8- 
pin plastic DIP packages. 


FEATURES 


Operates from +5V to + 18V supplies 
Hold leakage current 6pA @ Tj25°C 
Less than 4us acquisition time 

TTL, PMOS, CMOS compatible logic 
input 

0.5mV typical hold step at Cy, = 0.01F 
Low input offset: 1MV (typical) 
0.002% gain accuracy with Ry = 2k 
Low output noise in hold mode 

Input characteristics do not change 
during hold mode 

High supply rejection ratio in sample or 
hold 

e Wide bandwidth 


PIN CONFIGURATION 
N PACKAGE 


LOGIC 
REFERENCE 


TOP VIEW 


ORDER NUMBERS 
NE/SE5537N 


H PACKAGE 
Metal Can Package 


500 


-—55 to #125 
0 to +70 
—65 to +150 


Equal to supply 
voltage 
+7, -—30 
Indefinite 
10 
300 


TOP VIEW 


ORDER NUMBERS 
NE/SE5537-H 


D°? PACKAGE 


Vos ADJ 


packages must be derated based on a thermai resistance (#ja) of 150°C /W. NC 


2. Although the differential voltage may not exceed the limits given, the common mode 


voltage on the logic pina may be equal to the supply voltages without causing damage V+ 


to the circuit. For proper logic operation, however, one of the logic pins must always 
be at least 2V below the positive supply and 3V above the negative supply. 


BLOCK DIAGRAM 


Figure 1 


| LOGIC 
LOGIC REF 
NC 
Ch 


TOP VIEW 


ORDER NUMBER 
NE5537D 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


. HOLO 
CAPACITOR 
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SAMPLE AND HOLD AMPLIFIER ~ SEINE5537_ 


ELECTRICAL CHARACTERISTICS? 


TEST CONDITIONS 
| = 26°C | 7 mV 
Full feniparatuce range 10 | mV 
Input bias current® Tj = 25°C | 25 |} §0 
Full on range a a 


Gain error ’ = 25°C, cae 007 cam Kd 004 baie 01 
—10V < Vin = 10V, RL = 2K 
0.02 


—11.5V < Vin = 11.5V, 
Tj = 25°C, “HOLD” mode | 
full temperature range 


PARAMETER 


Input offset voltage® 


R_ = 10K 
“HOLD” Step4 = 26°C, Ch = 0.01uF, mV . 
VouT = 0 


Full temperature range 


Logic and logic reference 
input current = 26°C . 


teakase ont sol canasio® | p= ae-Chew moat [fe Poo 8 [00 [oe 


Acquisition time to 0. 1% Vour = 10V, 

Ch = 1000pF us 
Crh = 0.0 tuf =e 
Hold capacitor charging current Vin ~ Vout = 2V fT oUdfls | 


[Supp vonage reiectonrato | _—vour=0_——«dt “ao 
a 


NOTES 

3. Unless otherwise specified, the following conditions apply. Unit is in “sample” mode, 5. Leakage current is measured at a junction temperature of 25°C. The effects of 
Vg = + 16V, Tj = 25°C, ~11.5V < Viy < 11.6V, Cy = 0.01uF, and Ry = 2k2. Logic junction temperature rise due to power dissipation or elevated ambient can be calcu- 
reference voitage = OV and logic voltage = 2.5V. lated by doubling the 26°C value for each 11°C increase in chip temperature. Leak- 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the age is guaranteed over full input signal range. 
hold capacitor. 1pF, for instance, will create an additional 0.5mV step with a 6V logic 6. These parameters guaranteed over a supply voitage range of + Sto + 18V. 


swing and a 0.01F hold capacitor. Magnitude of the hoid step is inversely proportional! 
to hold capacitor value. 


TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT BIAS CURRENT OUTPUT SHORT CIRCUIT CURRENT 


30 
28 


~~ 
< 
E 
- 
z 
WwW 
e 
« 
) 
13) 


CURRENT (nA) 


~-50 —25 28 50 75 100 125 150 25 50 78 100 125 150 


JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
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SAMPLE AND HOLD AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd.) 


GAIN ERROR 


INPUT VOLTAGE—OUTPUT VOLTAGE (mV) 


100pF 1000pF = .01uF (0.1 F 1uF 
INPUT VOLTAGE (V) HOLD CAPACITOR 
HOLD STEP vs INPUT ACQUISITION TIME 


VOLTAGE 


TE (us) 


INPUT VOLTAGE (V) 


CAPACITOR HYSTERESIS 


POLYPROPYLENE 
AND POLYSTYRENE 
TIME CONSTANT 


MYLAR 
HYSTERESIS 


FINAL SAG (mV) 
ERROR (mv) 


POLYPROPYLENE 
AND POLYSTYRENE 
HYSTERESIS 


SAMPLE TIME (ms) 


HOLD STEP 


ty w= 25°C 


HOLD CAPACITOR (uF) 


DYNAMIC SAMPLING ERROR 


INPUT SLEW RATE (V/ms) 


CURRENT (nA) 


TIME (ns) 


Av/ AT (V/SEC) 


1073 


SE/NE5537 


LEAKAGE CURRENT INTO 
HOLD CAPACITOR 


-60~-25 0 


JUNCTION TEMPERATURE (°C) 


APERTURE TIME 


vt =Vv— = 15V 


Ee 
AVout = Imv ae 
ae NEGATIVE | | 


25 60 75 100 126 150 


a 


ser [71 TT 


INPUT 
STEP 


-§0 -25 0O 25 50 76 100 1 


JUNCTION TEMPERATURE (°C) 


OUTPUT DROOP RATE 


25 150 


HOLD CAPACITOR 
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SAMPLE AND HOLD AMPLIFIER 


SE/NE5537 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


“HOLD” SETTLING TIME 


ae 
oe 
ad 
= 
- 
—~50 ~25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
OUTPUT NOISE 
160 
140 
120 
iF 400 
_ 
, c 80 
| 3 
| = 60 


FREQUENCY (Hz) 


SAMPLE AND HOLD 
INTRODUCTION 


For many years designers have used the 
sample and hold (or track and hold) to oper- 
ate on analog information in a time frame 
which is expedient. 


By sampling a segment of the information 
and holding it until the proper timing for con- 
verting to some form of control signal or 
readout allows the designer certain freedom 
in performing predetermined manipulative 
functions. Therefore, the sample and hold 
can be defined as a “selective analog mem- 
ory cell”. 


The memory is volatile and will also decay 
with time. 


When using the sample and hold method for 
evaluating signal information, the designer 
is given the added feature of eliminating out- 
side noise elements. With the analog to digi- 
tal converter products available today the 
“dc memory” of the sample and hold can be 
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PHASE AND GAIN (INPUT 
TO OUTPUT, SMALL SIGNAL) 


g : 
5 3 
5 : 
, : 
: : 
i) 
FREQUENCY (Hz) 
FEEDTHROUGH REJECTION 
RATIO (HOLD MODE) 
-130 
- 120 
— 110 
2.710077 
2-00 | 


~80 
-70 
-60 


—50 


FREQUENCY (Hz) 


easily converted to digital format and further 
incorporated into microprocessor based 
systems. 


Parametric evaluation of the sample 
and hold will be discussed in the following 
paragraphs. 


DEFINITION OF TERMS 
ACQUISITION TIME: The time required to 
acquire a new analog input voltage with an 
output step of 10V. Note that acquisition 
time is not just the time required for the out- 
put to settle, but also includes the time re- 
quired for all internat nodes to settle so that 
the output assumes the proper value when 
switched to the hold mode. 


APERTURE DELAY TIME: The time 
elapsed from the hold command to the open- 
ing of the switch. 


APERTURE JITTER: Also calied “aperture 
uncertainty time”, it’s the time variation or 
uncertainty with which the switch opens, or 
the time variation in aperture delay. 


POWER SUPPLY REJECTION 


160 yrenerrceemantmn 
140 
120 
100 

BO 


60 


REJECTION RATIO (dB) 


40 


FREQUENCY (Hz) 


APERTURE TIME: The delay required be- 
tween “hold” command and an input analog 
transition, so that the transition does not 
affect the held output. 


BANDWIDTH: The frequency at which the 
gain is down 3aB from its dc value. It's mea- 
sured in sample (track) mode with a small- 
signal sine wave that doesn’t exceed the 
slew rate limit. 


EFFECTIVE APERTURE DELAY: The time 
difference between the hold command and 
the time at which the input signai is at the 
held voltage. 


FIGURE OF MERIT: The ratio of the avail- 
able charging current during sample mode to 
the leakage current during hold mode. 


HOLD-MODE DROOP: The output voltage 
change per unit of time while in hold. Com- 
monly specified in V/s, uV/us or other con- 


venient units. 


HOLD-MODE. FEEDTHROUGH: The per- 
centage of an input sinusoidal signal that is 
measured at the output of a sample-hold 
when it’s in hold mode. 


HOLD SETTLING TIME: The time required 
for the output to settle within imvV of final 
value after the “hold” logic command. 


SAMPLE-TO-HOLD OFFSET ERROR: The 
difference in output voltage between the 
time the switch starts to open, and the time 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 


SLEW RATE: The fastest rate at which the 
sample & hold output can change (specified 
in V/s). 


HOLD STEP: The voltage step at the output 
of the sample and hold when switching from 
sample mode to hold mode with a steady 
(dc) analog input voltage. Logic swing is 5V. 
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DYNAMIC SAMPLING ERROR: The error 
introduced into the held output due to a 
changing analog input at the time the hold 
command is given. Error is expressed in mV 
with a given hold capacitor value and input 
slew rate. Note that this error term occurs 
even for long sample times. 


GAIN ERROR: The ratio of output voltage 
swing to input voltage swing in the sample 
mode expressed as a percent difference. 


THRESHOLD: Level shali be defined as 
that level which causes the switch control to 
change state. 


BASIC BLOCK DIAGRAM 

The basic circuit concept of the sample and 
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which determines sample, hold 
or track conditions). Reference figure 1. 


The block diagram of the NE5537 is a 
closed loop non-inverting unity gain sample 
and hold system. The input buffer amplifier 
supplies the current necessary to charge 
the hold capacitor, while the output buffer 
amplifier closes the loop such that the 
output voltage is identical to the input volt- 
age (with consideration for input offset volt- 
age, offset current, and temperature vari- 
ations which are common to a// sample and 
hold circuits, be they monolithic, hybrid or 
modular). 


When the sampling switch is open (in the 
hold mode) the clamping diodes close the 
loop around the input amplifier to keep it 
from being overdriven into saturation. 


The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample and hold device. Reference figure 2. 
The switch control has a floating reference 
(pin 7), referred to as the logic reference 
which makes the sample and hold device 
compatible to several types of external log- 
ic signals (TTL, PMOS, & CMOS). The 
switching device operates at a threshold 
level of 1.4V. 


The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (pin 8 is 1.4 volts higher than pin 7) and 
presents a load of 5 microamperes to the 
input logic signal. The analog sampled sig- 
nalis amplified, stored (in the external hold- 
ing capacitor), and buffered. At the end of 
the sampling period the internal switch 
mechanism turns off (switch opens) and the 
“stored analog memory” information on the 
external capacitor (pin 6) is loaded down by 
an operational amplifier connected in the 
unity gain non-inverting configuration. This 


amplifier, whose input impedance is effec- 
tively: 


R = Rin(Agy)/(1 + 1/A) 
where R = Effective input impedance 

Rin = Open loop input impedance 

Ao. = Open loop gain 

A = AC loop gain 


Therefore, the higher the open loop gain of 
the second operational amplifier, the 
larger the effective loading on the capac- 
itor. The larger the load, the lower the 
“leakage” current and the better the droop 
characteristics. 


In actuality the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operation (remember that the 
FET amplifiers double in required bias cur- 
rent for every 10 degree increase in junction 
temperature). 


Sampling time for the NE5537 is less than 
10usec, (measured to 0. 1% of input signal). 
Leakage current is 6pA at a rate output load 
of 2k. 


BASIC APPLICATIONS 


Multiplying DAC 

As depicted in the block diagram of figure 3, 
the sample and hold circuit is used to supply 
a “variable” reference to the digital to ana- 
log converter. As the input reference varies, 
the output will change in accordance with 
equation 1, shown in figure 3. 


Varying the input signal reference level can 
aid the system in performing both com- 
pression and expansion operations. The 
multiplying DAC’s used are the Signetics 
SE/NE 5008; however, if the rate of change 
of the reference variation is kept slow 
enough a microprocessor compatible DAC 
can be incorporated, such as the NE5018 or 
the NE5&020. 


DATA ACQUISITION SYSTEMS 

As mentioned earlier, the designer may wish 
to operate on several different segments of 
an “analog” signal; however he is iimited by 
the fact that only one analog to digital con- 
verter channel is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 


APPLICATION HINTS 
Hold Capacitor 


A significant source of error in an accurate 
sample and hold circuit is dielectric absorp- 
tion in the hold capacitor. A mylar cap, for 


instance, may “sag back” up to 0.2% after a 
quick change in voltage. A long “soak” time 
is required before the circuit can be put 
back into the hold mode with this type of 
capacitor. Dielectrics with very low hyster- 
esis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and 
polycarbonate are not nearly as good. 
Ceramic is unusable with > 1% hysteresis. 
The advantage of polypropylene over poly- 
styrene is that it extends the maximum ambi- 
ent temperature from 85°C to 100°C. The 
hysteresis relaxation time constant in poly- 
styrene, for instance, is 10-50ms. If A-to-D 
conversion can be made within ims, hyster- 
esis error will be reduced by a factor of ten. 


DC Zeroing 

DC Zeroing is accomplished by connecting 
the offset adjust pin to the wiper of a 1kQ 
potentiometer which has one end tied to vt 
and the other end tied through a resistor to 
ground. The resistor should be selected to 
give ~0.6mA through the 1KQ potentio- 
meter. 


Sampling Dynamic Signals 

Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample and hold cir- 
cuits. There exist finite phase delays 
through the sample and hold circuit causing 
an input-output phase differential for moving 
signals. In addition, the series protection re- 
sistor (3000 to pin 6 of the NE5537) will add 
an RC time constant, over and above the 
slew rate limitation of the input 
buffer/current drive amplifier. This means 
that at the moment the “hold” command ar- 
rives, the hold capacitor voltage may be 
somewhat different than the actual analog 
input. The effect of these delays is opposite 
to the effect created by delays in the logic 
which switches the circuit from sample to 
hold. For example, consider an analog input 
of 20 Vp-p at 10kHz. Maximum dV/dt is 
0.6V/yus. With no analog phase delay and 
100ns logic delay, one could expect up to 
(0. 148) (0.6V/u8) = BOmvV error if the “hold” 
signal arrived near maximum dV/dt of the 
input. A positive going input would give a 
+6OmV ‘error. Now assume a 1MHz (3dB) 
bandwidth for the overall analog loop. This 
generates a phase delay of 160ns. If the 
hold: capacitor sees this exact delay, then 
error due to analog delay will be (0.16us) 
(0.6V/yus) = —96mV (analog) for a total of 
—36mV. To add to the confusion, analog de- 
lay is proportional to hold capacitor value 
while digital delay remains constant. A fam- 
ily of curves (dynamic sampling error) is in- 
cluded to help estimate errors. 
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A curve labeled Aperture Time has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience a sudden change nearly 
coincident with the “hoid” command. This 
curve is based on a 1mV error fed into the 
output. 


- A second curve, Hold Settling Time indi- 
cates the time required for the output to 
settle to imV after the “hold” command. 


Digital Feedthrough 

Fast rise time logic signals can cause hold 
errors by feeding externally into the analog 
input at the same time the amplifier is put 
into the hold mode. To minimize this prob- 


TYPICAL APPLICATIONS 


TYPICAL CONNECTION 


SAMPLE 5V-——— 


HOLD Ov 


Figure 2 
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lem, board layout should keep logic lines as 
far as possible from the analog input. 


Grounded guarding traces may also be used. 


around the input line, especially if it is driven 
from a high impedance source. Reducing 
high amplitude logic signals to 2.5V will also 
help. 


Logic signals also couple to the hold ca- 
pacitor. This hold capacitor should be 
guarded by a P.C. card trace connected to 
the sample-and-hold output. This will also 
minimize board leakage. 


SPECIAL NOTES | 

1. Not all definitions herein defined are 
measured parametrically for the NE5537, 

but are legitimate terms used in sample 
and hold systems. 

2. Reference should be made to Design 
Engineering, volumes 23 (Nov. 8, 1978), 
25 (Dec. 6, 1978) and 26 (Dec. 20, 1978) 
for articles written by Eugene Zuch of 
Datel Systems, Inc. for a further discus- 
sion of sample and hold circuits. 

3. Reference also made to National 
Semiconductor Corporation’s Special 
Functions Data Book (1976). 
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DESCRIPTION 


The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres- 
sor or expandor. Each channel has a full 
wave rectifier to detect the average value of 
the signal; a _ linerarized, temperature 
compensated variable gain cell; and an 
Operational amplifier. 


The NE570/571 is weil suited for use in celiu- 
lar radio and radio communications systems, 
modems, telephone, and satellite broadcast/ 
receive audio sytems. 


FEATURES 


¢ Complete compressor and expandor in 
TIC 

Temperature compensated 

Greater than 110dB dynamic range 
Operates down to 6Vdc 

System levels adjustable with external 
components 

e Distortion may be trimmed out 


CIRCUIT DESCRIPTION 


The NE570/571 ~ compandor building 
blocks, as shown in the block diagram, area 
full wave rectifier, a variable gain cell, an 
operational amplifier and a bias system. The 
arrangement of these blocks in the IC result 
in a circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 


The ful! ‘vave rectifier rectifies the input 
currer t wt.ich flows from the rectifier input, 
to an it ‘ernal summing node which is bi- 
ased at Vref. The rectified current ts aver- 
aged on an external filter capacitor tied to 
the CREcT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro- 
ducing again error. The only error will come 
from the bias current of the rectifier (sup- 
plied internally) which is less than .1yJA. 


Vin — Vrerl avg. 
or 


Gu. R, 


The speed with which gain changes to fol- 
low changes in input signal levels is deter- 
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com- 


Note: 
1. Supplied only in large SO (Smai!l Outline) package. 


APPLICATIONS 


Cellular radio 

Telephone trunk compandor—570 
Telephone subscriber compandor—571 
High level limiter 

Low level expandor—noise gate 
Dynamic noise reduction systems 
Voltage controlled amplifier 

Dynamic filters 


ABSOLUTE MAXIMUM RATINGS 


Positive supply 
570 
571 


TA 


PD Power dissipation 


BLOCK DIAGRAM 


“THD TRIM 9 


variable 
gain cell ; 


RECTIFIER 


Y RECT CAP 


pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 


G(t) = (Ginitial ~ Gtinal) ent/r 


+ Geinal: T= 10K X Crect 

The variable gain cell is a currentin, current 
out device with the ratio |OyT/lin_ con- 
trolled by the rectifier. |jjy is the current 
which flows from the AG input to an internal 
summing node biased at V per. The follow- 
ing equation applies for capacitively cou- 
pled inputs. The output current, !OuT. is 
fed to the summing node of the op amp. 


PARAMETER RATING UNIT 


Operating temperature range 


PIN CONFIGURATION 
D', F, N PACKAGE 


Rect. Cap 1 1 | 116] Rect Cap 2 
Rect. in 1| 2 | Rect In2 


AG Celi In 2 


AG Cell in 1 


130] Output 2 
THD Trim 1[ 8 | [9 | THD Trim 2 
Order Part No. 


NE570 F,N NE571 FN 
SA571 F.N NE571D! 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


24 
18 


Oto70 
-40 to +85 
400 


O INVERTER IN 


_Vin-VREF VIN 

2 2 
A compensation scheme built into the AG 
cell compensates for temperature, and can- 
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro- 
vides a means for nulling the internal offsets 
for low distortion operation. 


Lin 


The operational amplifier (which is internal- 
ly compensated) has the non-inverting in- 
put tied to Vref, and the inverting input 


connected to the AG cell output as well as 


brought out externally. A resistor, R3, Is 
brought out from the summing node and 
allows compressor or expandor gain to be 


determined only by internal components. 
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The output stage is capable of t20mA out- TYPICAL PERFORMANCE | TYPICAL TEST CIRCUIT 


put current. This allows a +13dBm (3.5V CHARACTERISTICS 
rms) Output into a 300N load which, with a 


series resistor and proper transformer, can | ~ BASIC INPUT-OUTPUT 
result in+13dBm with a600N outputimped- | TRANSFER CURVE 
ance. . 


A band gap reference provides tne refer- 
ence voltage for all summing nodes, a regu- 
lated supply voltage for the rectifierand AG 
cell, and a bias current for the AG cell. The 
low tempco of this type of reference pro- 
vides very stable biasing over a wide tem- 
perature range. 


The typical performance characteristics il- 
lustration shows the basic input-output 
transfer curve for basic compressor or ex- 
pandor circuits. 


» 30 20 10 Oo +10 
COMPRESSOR OUTPUT LEVEL 
A 


4 
G. 
= 
i 
3 
rn 
a) 
a 
2 
< 
a 
< 
Md 
4 
OF. 
wd 
Abed 
> 
lat 
wd 
poe 
5) 
a 
2. 
& 
3 
“ 
” 
Ww 
« 
a 
P 3 
3 
O 


ce] 
EXPANDOR INPUT LEVEL (dBm) 


pe ee oe a) a a 
ia aeaatiais aie ere mee 


Voc Supply voitage 
locq Supply current No signal 
Output current capability 
Output slew rate 
Gain cell distortion? Untrimmed 
. . Trimmed | 
Resistor tolerance 
Internal reference voltage 
Output de shift? Untrimmed | 
Expandor output noise No signal, 15Hz-20kHz' 


Unity gain level 

Gain change?,4 ~-40°C < T < 70°C 
Oo°Cc <T< 70°C 

Reference drift? . -40°C < T << 70°C 
0°C < T < 70°C 

Resistor drift4 -40°C < T < 70°C 
0°C < T < 70°C 


Tracking error (measured relative Rectifier input, V2 = 
to value at unity gain) equals Vo= +6dBm, V, = OdB 


[Vo - Vo(unity gain)) | ao Se, 
dB - VodBm V2= -30dBm, V, = OdB 


Channel Separation 


NOTES: 


Input to V, and Vo grounded. 

Measured at OdBm, 1kHz. 

Expandor ac input change from no signal to OdBm. 

Relative to value at T, = 25°C. 

Electrical characteristics for the SA571 only are specified over - 40 to + 85°C 
temperature range. 


oP eS 
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INTRODUCTION 


Much interest has been expressed in high per- 
formance electronic gain control circuits. For 
non-critical applications, an integrated circuit 
operational transconductance amplifier can be 
used, but when high performance is required, 
one has to resort to complex discrete circultry 
with many expensive, well matched compo- 
nents. This paper describes an inexpensive 
Integrated circult, the NE570 Compandor, 
which offers a pair of high performance gain 
control circults featuring low distortion (<.1%), 
high signal to noise ratio (90dB), and wide 
dynamic range (110dB). 


CIRCUIT BACKGROUND 


The NE570 Compandor was originally 
designed to satisfy the requirements of the 
telephone system. When several telephone 
channels are multiplexed onto a common line, 
the resulting signal to noise ratio is poor and 
companding Is used to allow a wider dynamic 
range to be passed through the channel. 
Figure 1 graphically shows what a compandor 
can do for the signal to noise ratio of a 
restricted dynamic range channel. The input 
level range of + 20 to — 80dB is shown under- 
going a 2 to 1 compression where a 2dB input 
level change is compressed into a 1dB output 
level change by the compressor. The original 
100dB of dynamic range is thus compressed 
to a 50dB range for transmission through a 
resticted dynamic range channel. A comple- 
mentary expansion on the receiving end 
restores the original signal levels and reduces 
the channel noise by as much as 45cB. 


The significant circuits in a compressor or 
expandor are the rectifier and the gain control 
element. The phone system requires a simple 
full wave averaging rectifier with good accu- 
racy, since the rectifier accuracy determines 
the (input) output level tracking accuracy. The 
gain cell determines the distortion and noise 
characterics, and the phone system specifi- 
cations here are very loose. These specs 
could have been met with a simple opera- 
tional transconductance multiplier, or OTA, 
but the gain of an OTA is proportional to tem- 
perature and this is very undesirable. There- 
fore, a linearized transconductance multiplier 
was designed which is insensitive to tempera- 
ture and offers low noise and low distortion 
performance. These features make the circuit 
useful in audio and data systems as well as in 
telecommunications systems. 


BASIC CIRCUIT HOOKUP 
AND OPERATION 


Figure 2 shows the block diagram of one 
half of the chip, (there are two identical 


channels on the !.C.). The full wave averag- 
ing rectifier provides a gain control current, 
la, for the variable gain (AG) cell. The output 
of the AG cell is a current which is fed to the 
summing node of the operational amplifier. 
Resistors are provided to establish circuit 
gain and set the output dc bias. 


RESTRICTED DYNAMIC 
RANGE CHANNEL 


OUTPUT 
5 LEVEL 


Figure 1 


CHIP BLOCK DIAGRAM 
(1 OF 2 CHANNELS) 


THO TRIM RA, INV. IN 


Veg PIN 13 
GND. PIN 4 


Figure 2 


The circuit is intended for use in single 
power supply systems, so the internal sum- 
ming nodes must be biased at some voltage 
above ground. An interna! band gap voitage 
reference provides a very stable, low noise 
1.8 volt reference denoted Vret. The non- 
inverting input of the op amp is tled to Vrer, 
and the summing nodes of the rectifier and 
AG cell (located, at the right, of R1 and Re) 
have the same potential. The THD trim pinis 
also at the Vret potential. 


Figure 3 shows how the circuit is hooked up 
to realize an expandor. The input signal. Vin, 
ls applied to the inputs of both the rectifier 
and the AG cell. When the input signal drops 
by 6dB, the gain control current will drop by 
a factor of 2, and so the gain will drop 6dB. 
The output level at Vout will thus drop 12dB, 
giving us the desired 2 to 1 expansion. 


Figure 4 shows the hookup for a compres- 
sor. This is essentially an expandor placed 
in the feedback loop of the op amp. The AG 
cell is set up to provide ac feedback only, so 
a separate dc feedback loop is provided by 
the two Rac'and-Cdc. The values of Rac will 
determine the dc bias at the output of the op 
amp. The output will bias to: 


Ra 30K 


The output of the expandor will bias up to: 


Ra 20K 
Vout de =1+ Ra vet a( + 30K 


1.8V = 3.0V 
The output will bias to 3.0V when the inter- 
na! resistors are used. External resistors 
may be placed in series with R3, (which will 
affect the gain), or in parallel with R4to raise 
the dc bias to any desired value. 


BASIC EXPANDOR 


— 2R3 Vin (avg.) 
GAIN = 22+ 
R: Ro lp 


la = 140uA 


“external components 


Figure 3 
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BASIC COMPRESSOR 


Ri Rea le V2 
GAIN ={[——-_——___ 
¢ R3 Vin San) 
Ip = 140uA 


“external 
components 


Figure 4 


CIRCUIT DETAILS-RECTIFIER 


Figure 5 shows the concept behind the full 
wave averaging rectifier. The input current 
to the summing node of the op amp, Vin/Ri, 
is supplied by the output of the op amp. If we 
can mirror the op amp output current into a 
unipolar current, we will have an ideal recti- 
fier. The output current is averaged by Rs, 
Cr, which set the averaging time constant, 
and then mirrored with a gain of 2 to become 
Ia, the gain control current. 


RECTIFIER CONCEPT 
V+ 
a I= Vin/R; Y 


Figure 6 shows the rectifier circuit in more 
detail. The op amp is a one stage op amp, 
biased so that only one output device is on 
at a time. The non-inverting input, (the base 
of Q)), which is shown grounded, is actually 
tied to the internal 1.8V Vret. The inverting 
input is tied to the op amp output, (the 
emitters of Qs and Qe), and the input sum- 
ming resistor Ri. The single diode between 
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V+ 


Figure 6 


the bases of Qs and Q¢ assures that only one 
device is on at a time. To detect the output 
current of the op amp, we simply use the 
collector currents of the output devices Qs 


and Qe. Q6 will conduct when the input 


swings positive and Qs conducts when the 
input swings negative. The collector cur- 
rents will be in error by the a of Qs or Qe on 
negative or positive signal swings, respec- 
tively. |C’s such as this have typical npn f’s 
of 200 and pnp f’s of 40. The a’s of .995 and 
.975 will produce errors of .5% on negative 
swings and 2.5% on positive swings. The 
1.5% average of these errors yields a mere 
.13dB gain error. 


At very low input signal levels the bias 
current of Qa, (typically 50nA), will become 
significant as it must be supplied by Qs. 
Another low level error can be caused by dc 
coupling into the rectifier. If an offset vol- 
tage exists between the Vin input pin and the 
base of Qa, an error current of Vos/R1 will be 
generated. A mere 1mv of offset will cause 
an input current of 100na which will pro- 
duce twice the error of the input bias cur- 
rent. For highest accuracy, the rectifier 
should be coupled into capacitively. At high 
input levels the 6 of the pnp Q¢ will begin to 
suffer, and there will be an increasing error 
until the circuit saturates. Saturation can be 
avoided by limiting the current into the 
rectifier input to 250ua. If necessary, an 
external resistor may be placed in series 
with R41 
Figure 7 shows the rectifier accuracy vs 
input level at a frequency of 1kHz. 


At very high frequencies, the response of 
the rectifier will fall off. The rolloff will be 
more pronounced at lower input levels due 
to the increasing amount of gain required to 
switch between Qs5 or Q6 conducting. The 


to limit the current to this value. — 


rectifier frequency response for input levels 
of OdBm, -20dBn, and -40dBm is shown in 
Figure 8. The response at all three levels is 
flat to well above the audio range. 


RECTIFIER ACCURACY 


ERROR GAIN dB 


~40 ~20 0 
RECTIFIER INPUT d8m’° 


Figure 7 


RECTIFIER FREQUENCY RESPONSE 
vs INPUT LEVEL 


INPUT = 0dBm 


GAIN ERROR (dB) 


10K 1MEG 
FREQUENCY (Hz) 


Figure 8 
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VARIABLE GAIN CELL 


Figure 9 is a diagram of the variable gain 
cell. This is alinerarized two quadrant trans- 
conductance multiplier!.2, Q1, Q2 and the 
op amp provide a predistorted drive signal 
for the gain control pair, Q3, Q4. The gain is 
controlled by Ig and a current mirror pro- 
vides the output current. 


The op amp maintains the base and collec- 
tor of Q; at ground potential (Vref) by con- 
trolling the base of Q2. The input current lin 
(= Vin/R2) is thus forced to flow through Q, 
along with the current !;, so Ic1 = I1 +lin. 
Since l2 has been set at twice the value of I1, 
the current through Qa is lo-(li+lin) = li-lin = 
Ic2. The op amp has thus forced a linear 
current swing between Q; and Qa, by pro- 
viding the proper drive to the base of Qo. 
This drive signal will be linear for smail 
signals, but very non-linear for large sig- 
nals, since it is compensating for the non- 
linearity of the differential pair Qi, Q2 under 
large signal conditions. 


The key to the circuit is that this same 
predistorted drive signal is applied to the 
gain contro! pair Q3 and Q4. When two 
differential pairs of transistors have the 
same signal applied, their collector current 
ratios will be identical, regardless of the 
magnitude of the currents. This gives us: 


Ic1 lo4 Iy+Hin 


o_o ee 


Ic2 Ic3 Iy-lin 


plus the relationships Iq = Ic3+lc4 and lout = 
Ic4-Ic3 will yield the multiplier transfer func- 
tion, 

IG Vin le 


lout = — lin 
1 Re iy 


this equation is linear and temperature in- 
sensitive, but it assumes ideal transistors. 


If the transistors are not perfectly matched, 
a parabolic, non-linearity is generated, 
which results in 2nd harmonic distortion. 
Figure 10 gives an indication of the magini- 
tude of the distortion caused by a given 
input level and offset voltage. The distortion 
is linearly proportional to the magnitude of 
the offset and the input level. Saturation of 
the gain cell occurs at a +8dBm level. Ata 
nominal operating level of OdBm, a imv 
Offset will yield .34% of second harmonic 
distortion. Most circuits are somewhat bet- 
ter than this, which means our overall off- 
sets are typically about 1/2mv. The distor- 
tion is not affected by the magnitude of the 
gain control current, and it does not in- 
crease as the gain is changed. This second 
harmonic distortion could be eliminated by 
making perfect transistors, but since that 
would be difficult, we have had to resort to 
other methods. A trim pin has been provided 


SIMPLIFIED AG CELL SCHEMATIC 


Vet 


Figure 9 


to allow trimming of the internal offsets to 
zero, which effectively eliminated second 
harmonic distortion. Figure 11 shows the 
simple trim network required. 


AG CELL DISTORTION 
vs OFFSET VOLTAGE 


. e 
Vos = SmV 


4mv 


0 
INPUT LEVEL (dBm) 


Figure 10 


THD TRIM NETWORK 


“IF TRIM NETWORK NOT USED, 


CONNECT CAPACITOR AS SHOWN. Vcc 


To THD Trim 
i) 
1 
+ 
1 
— 


Figure 11 


Figure 12 shows the noise performance of 
the AG cell. The maximum output level 
before clipping occurs in the gain cell is 
plotted along with the output noise in a 
20kHz bandwidth. Note that the noise drops 
as the gain is reduced for the first 20dB of 
gain reduction. At high gains, the signal to 
noise ratio is 90dB, and the total dynamic 
range from maximum signal to minimum 
noise is 110dB. 


Control! signal feed-through is generated in 
the gain cell by imperfect device matching 
and mismatches in the current sources {1 
and la. When no input signal is present, 
changing Ig will cause a small output signal. 
The distortion trim is effective in nulling out 
any control signal feed-through, but in gen- 
eral, the null for minimum feed-through will 
be different than the null in distortion. The 
control signal feed-through can be trimmed 
independently of distortion by tying a cur- 
rent source to the AG input pin. This effec- 
tively trims ly. Figure 13 shows such a trim 
network. 


DYNAMIC RANGE OF NE570 
+20 


MAXIMUM 
SIGNAL LEVEL 


NOISE IN 
20KHz BW 


VCA GAIN (d8) 


Figure 12 
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CONTROL SIGNAL 
FEEDTHRU TRIM 


Yec 


R - SELECT FOR B 
3.6V 


470K 
100K Qa —"“V/V/y——-——-0 TO PIN 3 OR 14 


Figure 13 


OPERATIONAL AMPLIFIER 

The main op amp shown in the chip block 
diagram is equivalent to a 741 with a 1MHz 
bandwidth. Figure 14 shows the basic cir- 
cuit. Split collectors are used in the input 
pair to reduce gm, so that a small compensa- 
tion capacitor of just 10pf may be used. The 
output stage, although capable of output 
currents in excess of 20ma., is biased for a 
low quiescent current to conserve power. 
When driving heavy loads, this leads to a 
small amount of crossover distortion. 


RESISTORS 


inspection of the gain equations in Figure 3 
and 4 will show that the basic compressor 
and expandor circuit gains may be set en- 
tirely by resistor ratios and the internal 
voltage reference. Thus, any form of resis- 
tors that match well would suffice for these 


58 


simple hookups, and absolute accuracy and 
temperature coefficient would be of no im- 
portance. However, as one starts to modify 
the gain equation with external resistors, 
the internal resistor accuracy and tempco 
become very significant. Figure 15 shows 
the effects of temperature on the diffused 
resistors which are normally used in inte- 
grated circuits, and the ion implanted resis- 
tors which are used in this circuit. Over the 
critical O°C to 70°C temperature range, 
there is a 10 to 1 improvement in drift froma 
5% change for the diffused resistors, to a.5% 
change for the implemented resistors. The 
implanted resistors have another advantage 
in that they can be made 1/7 the size of the 
diffused resistors due to the higher resistivi- 
ty. This saves a significant amount of chip 
area. 


OPERATIONAL AMPLIFIER 


Figure 14 


RESISTANCE vs TEMPERATURE 


1.18 14000 /@ 
DIFFUSED 


RESISTOR 


= 
: 
= 
oe 


IMPLANTED 
RESISTOR 


NAAAARARAARQS SS? ORNS CLARA 
SQRAARAAAARDS. AARARARARANANRAARAN 


cm 
8 


1% ERROA BAND 


NORMALIZED RESISTANCE 
~y e 
& 


TEMPERATURE 


Figure 15 


*For additional information, consult the Applications Section. 
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DESCRIPTION FEATURES PIN CONFIGURATION 

The NE572 is a dual channel, high perfor- © Independent control of attack and 

mance gain control circuit in which either recovery time. D, N PACKAGE 

channel may be used for dynamic range @ Improved low frequency gain control 

compression or expansion. Each channel ripple 

has a full wave rectifier to detect the aver- © Complementary gain compression and TRACK TRIM A [1 | 

age value of input signal; a linearized, tem- expansion with external Op Amp RECOV. CAP. A | 2 | [15] TRACK TRIM B 
perature compensated variable gain cell © Wide dynamic range— greater than RECT. INA [3] 7a] RECOV. CAP. B 
(AG) and a dynamic time constant buffer. 110dB ‘RCAC ee aeciue 
The buffer permits independent control of ® Temperature compensated gain 

dynamic attack and recovery time with mini- control 12] ATTACK CAP B 


mum external components and improved low 
frequency gain control ripple distortion over 
previous compandors. 


Low distortion gain cell THD TRIM A [ 6 | 

Low noise—6xV typical '10] THO TRIM B 
Wide supply voltage range-——6V-22V 
System level adjustable with external 


The NE572 is intended for noise reduction in 


high performance audio systems. It can also components. (Top view) 

be used in a wide range of communication 

systems and video recording applications. APPLICATIONS ORDER PART NO. 
Dynamic noise reduction system NE572N SA572N 
Voltage control amplifier SAS72F NES72D SAS72D 


Stereo expandor 
Automatic level control 
High level limiter 

Low level noise gate 
State variable filter 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


RATING UNIT 


22 VDC 
Oto 70 
500 


Vcc Supply voltage 
Operating temperature range 
Power dissipation 


BLOCK DIAGRAM 


(4,12) (2,14) 


Note: 
1. Supplied only in large SO (Smail Outline) package. 
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ELECTRICAL CHARACTERISTICS Standard Test Conditions (uniess otherwise noted) Voc = 15V TA = 25°C Expandor mode (see test 
circuit) Input signals at unity gain level (OdB) = 100mV RMS at 1KHz, V, = Vo, Ro = 3.3K, Rg = 17.3K 


PARAMETER | TEST CONDITIONS 


Sipoly voltage 


Supply current No Signal 


(untrimmed) 1kHz Ca = 1.0uF 
(trimmed) 1kHz Cr = 10uF 
(trimmed) 100Hz 


No signal output noise 

DC level shift (untrimmed) 

Unity gain level 

Large signal distortion Vy = Vo = 400mV 


Tracking error (measured relative | Rectifier input 
to value at unity gain output) = Vo= +6dB, V, = OdB 
[Vo ~ Vo(unity gain)] dB - V, (dBm)| V2 = -— 30dB, V, = OdB 


Channel crosstalk 200mV RMS into channel A, measured output on 
channel B 


Power supply rejection ratio 


TEST CIRCUIT 


BUFFER 


2.2uF 3.3K(3,13) | 
; AA Se RECTIFIER 
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AUDIO SIGNAL PROCESSING IC 
COMBINES VCA AND FAST AT- 
TACK-SLOW RECOVERY LEVEL 
SENSOR 


In high performance audio gain control appli- 
cations it is desirable to independently con- 
trol the attack and recovery time of the gain 
control signal. This is true, for example, in 
compandor applications for noise reduction. 
In high end systems the input signal is usual- 
ly split into two or more frequency bands to 
optimize the dynamic behavior for each 
band. This reduces low frequency distortion 
due to control signa! ripple, phase distor- 
tion, high frequency channel overload and 
noise modulation. Because of the expense 
in hardware, multiple band signal process- 
ing up to now was limited to professional 
audio applications. 


With the introduction of the Signetics NE572 
this high performance noise reduction con- 
cept becomes feasible for consumer hi fi 
applications. The NE572 is a dua! channel 
gain control IC. Each channel has a linear- 
ized, temperature compensated gain cell 
and an improved level sensor. In conjunction 
with an external low noise op amp for current 
to voltage conversion, the VCA features low 
distortion, low noise and wide dynamic 
range. The novel level sensor which pro- 
vides gain control current for the VCA gives 
lower gain control ripple and independent 
control of fast attack, slow recovery dynam- 
ic response. An attack capacitor CA with an 
internal 10K resistor RA defines the attack 
time TA. The recovery time TR of a tone 
burst is defined by a recovery capacitor CR 
and an interna! 10K resistor Rr. Typical at- 
tack time of 4MS for the high frequency 
spectrum and 40MS for the low frequency 
band can be obtained with .1uF and 1.0uF 
attack capacitors respectively. Recovery 
time of 200MS can be obtained with a 4.7yF 
external capacitor. With the recovery ca- 
pacitor added in the level sensor, the gain 
control ripple for low frequency signals is 
much lower than that of a simple RC ripple 
filter. As a result the residual third harmonic 
distortion of low frequency signal in a two 
quad transconductance amplifier is greatly 
improved. With the 1.0uF attack capacitor 
and 4.7uF recovery capacitor for a 100HZ 
signal the third harmonic distortion is im- 
proved by more than 10db over the simple 
RC ripple filter with a single 1.0uF attack 
and recovery capacitor, while the attack 
time remains the same. 


The NE572 is assembled in a standard 16 pin 
dual in line plastic package and in oversized 
SO (Smail Outline) package. It operates over 
wide supply range from 6V to 22V. Supply cur- 
rent is less than 6mA. The NE572 is designed 
for consumer application over a temperature 


range 0-70°C. The SA572 is intended for appli- 
cations from — 40°C to + 85°C. 


NE572 BASIC APPLICATIONS 


Description 

The NE572 consists of two linearized, tem- 
perature compensated gain cells (AG) each 
with a full-wave rectifier and a buffer amplifi- 
er as shown in the block diagram. The two 
channels share a 2.5V common bias refer- 
ence derived from the power supply but oth- 
erwise operate independently. Because of 
inherent low distortion, low noise and the 
capability to linearize large signals, a wide 
dynamic range can be obtained. The buffer 
amplifiers are provided to permit control of 
attack time and recovery time independent 
of each other. Partitioned as shown in the 
block diagram, the IC allows flexibility in the 
design of system levels that optimize DC 
shift, ripple distortion, tracking accuracy 
and noise floor for a wide range of applica- 
tion requirements. 


Gain Cell 

Figure 1 shows the circuit configuration of 
the gain cell. Bases of the differential pairs 
Q;y— Qo and Q3 — Qg are both tied to the 
Output and inputs of OPA A. The negative 
feedback through Q, holds the Veg of Qy — 
Qo and the Vege of Q3 — Qg equal. The 
following relationship can be derived from 


BASIC GAIN CELL SCHEMATIC 


SA/NES72 


the transistor model equation in the forward 
active region. 


AVBEa, -Q4” ABEQ, ~Q2 


(Vege = Vo Ip IC/IS) 


Vin 


Ry = 6.8K 
1) = 140uA 
lo = 280uA 


Io is the differential output current of the 
gain cell and Ig is the gain control current of 
the gain cell. 


If all transistors Q; through Qg are of the 
same size, equation (2) can be simplified to: 


; 
2 
lo = Jo cline ig— Ty Mla - 2h) * Ie (3) 


The first term of eqn. (3) shows the multiplier 
relationship of a linearized two quadrant 
transconductance amplifier. The second 
term is the gain control feed through due to 
the mismatch of devices. In the design this 


Figure 1 
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has been minimized by large matched de- 
vices and careful layout. Offset voltage is 
caused by the device mismatch and it leads 
to even harmonic distortion. The offset voit- 
age can be trimmed out by feeding a current 
source within + 25uA into the THD trim pin. 
The residual distortion is third harmonic dis- 
tortion and is caused by gain control ripple. 
_ Ina compandor system, availabie control of 
fast attack and slow recovery improves rip- 
ple distortion significantly. At the unity gain 
level of 100mV, the gain cell gives THD (to- 
tal harmonic distortion) of .17% TYP. Output 
noise with no input signals is only 6uV in the 
audio spectrum (10HZ-20KHZ). The output 
current Iq must feed the virtual ground input 
of an operational amplifier with a resistor 
from output to inverting input. The non-invert- 
ing input of the operational amplifier has to 
be biased at VREF if the output current Io is 
de coupled. 


Rectifier 

The rectifier is a full-wave design as shown 
in Figure 2. The input voltage is converted to ee eee ee ree 
Current through the input resistor R2 and 
turns on either Q5 or Q6 depending on the 
signal polarity. Deadband of the voltage to 
Current converter is reduced by the loop 
gain of the gain block A2. If AC coupling is 
used, the rectifier error comes only from in- 
put bias current of gain block A2. The input 
bias current is typically about 70nA. Fre- 
quency response of the gain block A2 also 
Causes second order error at high frequen- 
cy. The collector current of Q6 is mirrored 
and summed at the collector of Q5 to form 
the full wave rectified output current Ip. The 
rectifier transfer function is 


SIMPLIFIED RECTIFIER SCHEMATIC 


B 
J 
! 
| 
Vin O 
j 
! 
| 
t 


Vin— Vrer 

Ro | (4) 
If Vin is A.C. coupled, then the equation will 
be reduced to: 


_ Vin (AVG) 

= Ri 

The internal bias scheme limits the maxi- 
mum output current Ip to be around 300zA. 
Within a + 1dB error band the input range of 
the rectifier is about 52dB. 


IRAC 


Buffer Amplifier 

In audio systems, it is desirable to have fast 
attack time and slow recovery time for a 
tone burst input. The fast attack time re- 
duces transient channel overload but also 
causes low frequency ripple distortion. The 
low frequency ripple distortion can be im- 
proved with the slow recovery time. If differ- 
ent attack times are implemented in corre- 
sponding frequency spectrums in a split 


CKING 
band audio system, high quality perfor- eae 
mance can be achieved. The buffer amplifier 
is designed to make this feature available Figure 3 


with minimum external components. Refer- 
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ring to Figure 3, the rectifier output current is 
mirrored into the input and output of the 
unipolar buffer amplifier Ag through Qg, Qg 
and Qio. Diodes Dy; and Dy92 improve 
tracking accuracy and provide common 
mode bias for Ag. For a positive going input 
signal, the buffer amplifier acts like a volt- 
age follower. Therefore, the output imped- 
ance of Ag makes the contribution of ca- 
pacitor CR to attack time insignificant. 
Neglecting diode impedance the gain Ga(t) 
for AG can be expressed as follows. 

-t 

Ga(t) = (Gant — Gagn_) e “A + Gacy 
Gait = Initial Gain 


TA=RaA* CA = 10K ° CA Gaeny = Final Gain 


where rA is the attack time constant and RA 
is a 10K internal resistor. Diode D;5 opens 
the feedback loop of Ag for a negative going 
signal if the value of capacitor CR is larger 
than capacitor CA. The recovery time de- 
pends only on CR « Rr. If the diode imped- 
ance is assumed negligible, the dynamic 
gain Gr (t) for AG is expressed as follows. 
-t 
Grit) = (GR int — GR eNL) eR + Gr ene 


rR = Aas CR= 10K*CR 


where 7R is the recovery time constant and 
RR is a 10K internal resistor. The gain con- 
trol current is mirrored to the gain cell 
through Q 14. The low level gain errors due 
to input bias current of Ag and Ag can be 
trimmed through the tracking trim PIN into 
Ag with a current source of + 3yA. 


Basic Expandor 
Figure 4 shows an application of the circuit 
as a simple expandor. The gain expression 
of the system is given by 

Vout _ 2 | RaeVin(AVG) 

Vin I, RpeR, (I, = 140yA) 


Both the resistors R; and Ro are tied to 
internal summing nodes. R is a 6.8K inter- 
nal resistor. The maximum input current into 
the gain cell can be as large as 140A. This 
corresponds to a voltage level of 140uA « 
6.8K = 952mV peak. The input peak current 
into the rectifier is limited to 300uA by the 
internal bias system. Note that the value of 
R 1 can be increased to accommodate high- 
er input level. Ro and Rg are external resis- 


(5) 


tors. It is easy to adjust the ratio of R3/R2 


for desirable system voltage and current 
levels. A small R2 results in higher gain con- 
trol current and smaller static and dynamic 
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Figure 4 
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tracking error. However, an impedance buff- 
er Ay may be necessary if the input is volt- 
age drive with large source impedance. 


The gain cell output current feeds the sum- 
ming node of the external OPA Ag. Rg and 
Ag convert the gain cell output current to the 
Output voitage. In high performance applica- 
tions, Ag has to be low noise, high speed 
and wide band so that the high performance 
output of the gain cell will not be degraded. 
The non-inverting input of Ao can be biased 


‘at the low noise internal reference PIN 6 or 


10. Resistor R4 is used to biased up the 
output DC level of Ap for maximum swing. 
The output DC level of Ao is given by 


R3 R3 
Vooc * VREF ( ss rs) -YeR, (6) 


Vp can be tied to a regulated power supply 
for a dual supply system and be grounded 
for a single supply system. CA sets the at- 
tack time constant and CR sets the recovery 
time constant. 
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Basic Compressor 
Figure 5 shows the hook-up of the circuit as 
a compressor. The IC is put in the feedback 


loop of the OPA Ay... The.system gain ex- 


pression is as follows: 


Vout fli _ Rat Ry ee eo teen 
Vn “\2°RaeVyaa) 


RDC1, RDC2, and CDC form a de feedback 
for Aj. The output DC level of A; is given by 


Roc1 + Roce 
Vooc = Vrer \t + Ra 


Roc1 + Roce 
-Vp° (foes Roce | (8) 


The zener diodes D; and Do are used for 
channel! overload protection. 


Basic Compandor System 

The above basic compressor and expandor 
can be applied to systems such as 
tape/disc noise reduction, digital audio, 
bucket brigade delay lines. Additional sys- 
tem design techniques such as bandlimiting, 
band splitting, pre-emphasis, de-emphasis 
and equalization are easy to incorporate. 
The iC is a versatile functional block to 
achieve a high performance audio system. 
Figure 6 shows the system level diagram for 
reference. 


For additional information, refer to the Appili- 
cations Section. 


[] 


__ COMPRESSION 
IN 


Vv RMS 


3.0V 


547.6MV 


100 MV 


TMV 


100uV 


10uV 
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BASIC COMPRESSOR SCHEMATIC 


ROC1 ROC2 


1K RS 
(6,10) VREF 


vcc ¥ (16) 


Figure 5 


NE572 SYSTEM LEVEL 


2 
[ | REL LEVEL ABS LEVEL 


EXPANDOR DB dBM 
OUT 


INPUT TO 4G 
AND RECT 


' 


+14.77 


0.0 


—40 
—60 


Figure 6 —80 —97.78 


*For additional information, consult the Applications Section. 
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STEREO DEMODULATOR WITH BLEND LM1870 


DESCRIPTION FEATURES | PIN CONFIGURATION 
N PACKAGE 


The LM1870 combination FM Stereo ¢ Stereo blend contro! 
Demodulator and Blend Circuit is a PLL © Wide input dynamic range 
circuit with a D.C. control pin whose pur- ¢ Low total harmonic distortion 


BLEND CONTROL 
pose is to reduce switching noise by de- ¢ VCO disable function 29] VOLTAGE 


QUICK MONO [1 | 


creasing separation under low signal am- © Monophonic override pin PLL INPUT | 21 18] AUDIO INPUT 
plitude conditions. The part is designed ¢ Supply range 7V-15V 18] BLEND FILTER 
specifically for automobile applications 4a Yoo STOP 7] BLEND FILTER 
where fluctuating signal strength can APPLICATIONS LAMP FILTER (5) ia) BE GND RESISTORS 
cause demodulation noise. ® Auto radios LOOP FILTER (6 | Ts) SEE MPHASS 

¢ High fidelity tuners LOOP FILTER Fig] RIGHT GAIN & 

e High performance portable radios Vco TUNING [1 3] LEFT OUTPUT 


¢ Electronic tuned radios VCO TUNING | 9 | 142] RIGHT OUTPUT 


111] LAMP DRIVER 


ABSOLUTE MAXIMUM RATINGS TOP VIEW 


PARAMETER RATING UNIT 
V 


ORDER NUMBER 
LM1870N 


Lead temperature (soldering, 10 seconds) 300°C 


Supply voltage, pin 3 

Lamp driver voltage, pin 11 V 
Output voltage, pin 12, 13 supply off V 
Quick mono input (pin 20) V +(pin 3) 

Blend input (pin 20) 15 V 
Operating temperature range 0°C to + 70°C 

Power dissipation (note 1) 1 W 
Storage temperature — 65°C to + 125°C 


TYPICAL APPLICATION AND TEST CIRCUIT 5 


19kHz 


FREQUENCY] ‘°KY test POINT 
COUNTER ° 


CONTROL 
BLEND = 


+ 


T 2uF 20119 


20K 


COMPOSITE 
INPUT 


ELECTRONIC 
SWITCH oo 


eee 
IN PHASE 


i PHASE DETECTOR 
fel 
a ae 
1] 2] R1)3 14 5 
QUICK . Og 


MONO C4 
0.22.F 


C3 ; 
O.1nF Ty vco 
= vt STOP = 
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DC ELECTRICAL CHARACTERISTICS 1, = 25°C, v* =8V unless otherwise noted (Figure 1) 


| SYMBOL AND PARAMETER 


Operating supply voltage 


[Operating supply voltage 
[input De vottage 


AUDIO ELECTRICAL CHARACTERISTICS 


| SYMBOL AND PARAMETER | TEST CONDITIONS | 
| Mono THD ! 1kHz @ 200mVrms 
| 


Input resistance Pin 19 
Output resistance | Pin 12, 13 | 


49kHz + 38kHz | 
(Note 2) 


1kHz @ 200mVrms MONO 


RO 
W1 OD! 
a i 
NO 
S 
© 
Qa x13 
j - 


Ultrasonic rejection 


“J 
io) 


SCA rejection 


m 
Co 
on 
68) 


Signal to noise 


| 


PLL ELECTRICAL CHARACTERISTICS 
SYMBOL AND PARAMETER TEST CONDITIONS | omIN | TYP MAX — 
| Lamp hysteresis as | 10 | | dB 
Input resistance pin 8 | 
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BLEND ELECTRICAL CHARACTERISTICS 


[_svusoranoranawerer | ginapiamiiviwazy | MN | NP | MAK 

[_Stereo-gainchange | —‘tkHzL=—Rinput | 2 | 8 | _ 

peemene [gets [oe [oa Ts 
10kHz L=R input —8 —14 


NOTES 

1. For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 125°C/W junction 
to ambient. 

2. Input is 10% SCA (74.5kHz), 9% pilot and 1kHz left or right. Rejection is ratio of 1kKHz output to 1.5kHz output. 


TYPICAL CHARACTERISTICS 


GAIN CHANGE vs TEMPERATURE VCO SUPPLY SENSITIVITY VCO TEMPERATURE STABILITY 


GAIN CHANGE (dB) 
VCO FREQUENCY (Hz) 
(%) ue AONANDAYS ODA 
VCO FREQUENCY (Hz) 
(%) 20NvH9 ADN3AND3SYS ODA 


68 9 10 11 12 13°14 «15 
TEMPERATURE (°C) SUPPLY VOLTAGE (V) TEMPERATURE (°C) 


LAMP ON/OFF vs TEMPERATURE SEPARATION vs TEMPERATURE SEPARATION vs VCO TUNING 


PILOT Hse 
LEVEL - ee 
hie Sees 


AY | NEN 


PILOT LEVEL (mVrms) 
SEPARATION (dB) 
SEPARATION (dB) 


TEMPERATURE (°C) TEMPERATURE (°C) VCO FREQUENCY (H2) 


CAPTURE RANGE vs PILOT LEVEL SUPPLY CURRENT vs SUPPLY VOLTAGE LAMP DRIVER VOLTAGE vs CURRENT 


PILOT LEVEL (mv) 
SUPPLY CURRENT (mA) 
PIN 11 VOLTAGE ( 


19K 7 8 9 10 14 #12 13 °#14 «15 50 100 150 200 250 300 
FREQUENCY (Hz) SUPPLY VOLTAGE (Y) PIN 11 CURRENT (mA) 
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STEREO DEMODULATOR WITH BLEND 


GAIN vs R, (PIN 14, 15) 


_ GAIN (dB) - 


0 25 $5 75 10 125 15 
LOAD RESISTOR (kQ) 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 


mie Gag 
Vin = 500m 
OUTPUT ULTRASONICS) FILTERED 

0 


50 100 200 500 ik 2k 5k 10k 15k 
FREQUENCY (Hz) 


THD MONO OR STEREO (%) 


L+R FREQUENCY RESPONSE WITH 
BLEND CONTROL 


4 +R GAIN (dB) 


- 40 
50 100 200 500 1k 2k 5k 10k 15k 
FREQUENCY (Hz) 


BLEND FILTER RESPONSE 


KH rn 


i 
CULE Serr 


RESPONSE (d8) 
I 
w 
3 


ot LUT Leskh 


1k 2k3k Sk 10k 20k 50k 100k 
FREQUENCY (Hz) 
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LAMP ON/OFF vs RESISTANCE 
PIN 4 TO'5 


CEN cot 
LLIN LTT 
PT Ton | ET HIT! 


PNT TT 
Rania 


PILOT LEVEL (mV) 


0 
10k 100k 1M 
EXT. RESISTANCE PIN 4 TO 5 (Q) 


SEPARATION vs FREQUENCY 


0 
50 100 200 500 tk 2k 3k 10k 15k 
FREQUENCY (Hz) 


SEPARATION (dB) 


L—R GAIN vs BLEND CONTROL 


L—R GAIN (dB) 


0 0.2 04 0.6 08 8 1.0 
BLEND CONTROL VOLTAGE (V) 


L—R GAIN AND SEPARATION vs 
RF INPUT LEVEL WITH BLEND 


RESPONSE (dB) 


RF INPUT (x.V) 


LM41870 


TOTAL HARMONIC DISTORTION 
vs INPUT LEVEL 


1.0 


0.1 


THD MONO OR STEREO (%) 


‘MONO INPUT LEVEL (Vrms) 


POWER SUPPLY REJECTION RATIO 


vs FREQUENCY 


POWER SUPPLY REJECTION RATIO (dB) 


FREQUENCY (Hz) 


TYPICAL RADIO QUIETING 
CHARACTERISTIC 


START OF LIMITING 


ag RECOVERED AUDIO fill 
} STEREO 
\ NOISE 


ACTS COT 
IS 
NOISE NA wrnsacenol TW 


RF anu (xV) 


RESPONSE (dB) 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The NE542 is a dual preamplifier for the Low nolse—.7uUV total Input noise 
amplification of low level signals in applica- High gain—104dB open loop 

tions requiring optimum noise perform- Single supply operation 

ance. Each of the two amplifiers is com- Wide supply range 9 to 24V 

pletely independent, with individual internal Power supply rejection 110d8 
power supply decoupler-regulator, provid- Large output voltage swing 

ing 110dB supply rejection and 70dB chan- (Voc -2V p-p) 

nel separation. Other outstanding features Wide bandwidth 15MHz unity gain 
include high gain (104dB), large output voit- Power bandwidth 100kHz (15V p-p) 
age swing (Vcc ~2Vp-p), and internai com- Internally compensated (stable at 10dB) L TOP VIEW 


N PACKAGE 


| 5 | OUTPUT (2) 


OUTPUT (1) [4 } 


pensation to 10dB. The NE542 operates Short circuit protected 
from a singie supply across the wide range High slew rate 5V/us 
of 9 to 24V. 


The NE542 is ideal for use instereophono, ABSOLUTE MAXIMUM RATINGS 
tape, or microphone preamps and other a ea Re AEST 
applications requiring low noise amplica- 
tion of small signals. 


ORDER NUMBER 
NES42N 


PARAMETER RATING 


Supply voltage +24 


Power dissipation 500 
Operating temperature range Oto +70 
Storage temperature range -65 to +150 


Lead temperature (soldering, 60sec) +300 


a ae ee nk ee 
EQUIVALENT CIRCUIT 


DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc =14V 


unless otherwise specified. 


PARAMETER TEST CONDITIONS 


Supply voltage 
Supply current 


input resistance 
Positive input 
Negative input 


Output resistance 


LINEAR LS! PRODUCTS 


DUAL LOW-NOISE PREAMP _ ne: NE542 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER TEST CONDITIONS Le Ta * UNIT 


_ Voltage gain Open iobp a 160,000 
Input current 
Negative input uA 
Output current Source mA 
Sink (linear operation) mA 


Output voltage swing Voc -2.5 ve -2 V 


Small signal bandwidth MHz 
Slew rate V/us 
Power bandwidth 15V p-p == kHz 


Maximum input voltage Linear operation, <2.5% distortion 
Supply rejection ratio f= 60, 120Hz 
f = 1kHz 
Channel separation f = 1kHz 
Total harmonic distortion 40 dB gain, f= 1kHz 
Total equivalent input | 
Noise | | RS = 600M, 100 - 10,000Hz 


RS =50kN, 10 - 10,000Hz 
RS =20kN, 10 10,000Hz 
RS = 10kN, 10 - 10,000Hz 
RS = 5kN, 10- 10,000Hz: 


Noise figure 


TYPICAL PERFORMANCE CHARACTERISTICS 


LARGE SIGNAL FREQUENCY RESPONSE GAIN vs TEMPERATURE 


Voc = 24V, Ay = 1000 
> 1% DISTORTION 


PEAK-TO-PEAK OUTPUT VOLTAGE SWING — V 
VOLTAGE GAIN — 4B 


100k 1M 10M - 100M 
FREQUENCY — Hz TEMPERATURE — °C SUPPLY VOLTAGE — V 


P-P OUTPUT VOLTAGE SWING | % DISTORTION CHANNEL SEPARATION 


DISTORTION — % 


a 
v 
| 
z 
° 
5 
< 
a 
wl 
” 
=f 
w 
z 
z 
< 
x 
Oo 


PEAK-TO-PEAK OUTPUT VOLTAGE SWING — V 


100 
SUPPLY VOLTAGE — V FREQUENCY — Hz FREQUENCY — Hz 
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DUAL LOW-NOISE PREAMP NE542 
TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
PSRR vs FREQUENCY GAIN AND PHASE RESPONSE rsilahas seas 
= aeeEGIESAO 
410 -> ———~ + 
400: ee es, 
2 9 ce 
2 2 @ |) 80 }—— opp 
) = z 70 eae Sere 
« w 2 60 
re < =< 50 —_—_—_+ 
- 5 40 
> 
30 
20 —_—_—— 
en Saree 
10 100 1k 10k 100k 1M 10M 10 15 20 25 
FREQUENCY — Hz FREQUENCY — Hz SUPPLY VOLTAGE — V 
NOISE VOLTAGE vs NOISE CURRENT 
FREQUENCY vs FREQUENCY PULSE RESPONSE 
16 9 
Ta (aSSeNeR CO 
14 
7 
ALTE TTT 2 anne e nee 
SNE LUT 2 See 
pan , UES ES 
, 3 
: LENE : Scr seep} 
Ht CEE 
os ea al 
100 ik 10k -~20-10 0 10 20 30 40 50 60 70 80 
FREQUENCY — Hz TIME — us 
TYPICAL APPLICATIONS 


AUDIO MIXER 
12 


NOTE: All resistors values are typical and in ohms. 


*For additional information, consult the Applications Section. 
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DESCRIPTION 

The SA/NE602 is a monolithic Double 
Balanced Mixer with on-board oscillator and 
voltage regulator. The oscillator can be used 
as a buffer for external injection. The design 
is optimized for frequency conversion applica- 
tions up to 200MHz and has excellent noise 
and 3rd order intermodulation performance. 
The SA/NE602 is available in a 8 lead dual in 
line plastic package and 8 lead SO (Surface 
mounted miniature package). 


FEATURES 

¢ Low current consumption: 2.4mA 
typical 

¢ High input and oscillator frequency 
operation up to 200MHz 

e High third order intercept point: ~ 15 
dBm referred to matched input 

« Excellent noise figure: 5.0dB typical 
at 45 MHz 

® Low external count; suitable for 
crystal/ceramic filters 


ABSOLUTE MAXIMUM RATINGS 


etc pareenntre emanate interne raerantent senor nner inininant enn 


Maximum operating voltage 
Sterage temperature 


tn emf tte ter Near Se terrste S 


Operating temperature 
NE602 
| SA602 


BLOCK DIAGRAM 


9-22 


DOUBLE BALANCED MIXER AND OSCILLATOR 


0 to +70 
—40 to +85 


APPLICATIONS 

© HF and VHF frequency conversion 

* Cellular radio mixer/oscillator 

¢ Communication receivers 

* Instrumentation frequency converters 
¢ VHF walkie talkie 


602 


So 


SA/NE 


PIN CONFIGURATION 


D, N PACKAGES 


| 7 | oscitLator 


| 6 | OSCILLATOR 


| OUTPUT Aj 4 | 


TOP VIEW 


ORDER PART NUMBERS 


NE602N 
NE602D 


SA602N 
SA602D 
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DOUBLE BALANCED MIXER AND OSCILLATOR 


SA/NE602 


Preliminary 


DC ELECTRICAL CHARACTERISTICS: 1, = 25°C, Veg = 6V. 


NOTE: 


oe 
input signa requency Sd 
[oscitr reaueney Sid 
[Noise foure @ «sie dC 
[Winer input capacitance «dtd 
[wiser ouput sistance 


SA/NE602 


1. Each output pin is internally connected to Voc through a 1.5 (nominal) kf? resistor. 


CIRCUIT DESCRIPTION 


The NE602 utilizes an active double balanced 


mixer. The RF input port (pins 1 and 2) can be » 


used in either a symmetrical or an asym- 
metrical configuration. The RF input port has 
a resistance of 1.5KQ shunted by 3.0pF. In 
order to be used as an asymmetrical configura- 
tion, one of the two input pins (1 or 2) must be 
bypassed to ground with a capacitor. The RF 


TYPICAL APPLICATION 


0.5 to 1.3xH 


|o.208 to 0.2834H 


input port does not need any external bias and 
should not be DC grounded. An external DC 
path between pins 1 and 2 is allowed. 


The local oscillator is an emmitter-follower cir- 
cuit and is capable of many types of oscillator 
configurations. Pin 6 (oscillator base) and pin 
7 (oscillator emitter) do not need any external 
bias circuitry, but only pin 6 may have a DC 


[ 22pF | alt 


34.2MHz THIRD OVERTONE CRYSTAL 


path to Vcc. Pin 6 can be used for external 
oscillator or for frequency synthesizer injection. 


The NE602 output pins can be used in a single- 
ended or push-pull configuration. There are in- 
ternal 1.5KQ resistors connected to Voc for 
each output pin (4 and 5); therefore no exter- 
nal bias is needed. Pins 4 and/or 5 may have 
a DC path to Voc. 
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LOW POWER FM IF SYSTEM 


SA/NE604 


Preliminary 


DESCRIPTION 

The SA/NE604 is a monolithic low power FM 
IF system incorporating two limiting inter- 
mediate frequency amplifiers, quadrature 
detector, muting, logarithmic signal strength 
indicator, and voltage regulator. The 
SA/NE604 is available in a 16 lead dual-in-line 
plastic package and 16 lead SO (surface 
mounted miniature package). 


FEATURES 
e Low power consumption: 2.3mA typical 
¢ Logarithmic Received Signal Strength 
Indicator (RSSI) with a dynamic range in 
excess of 90dB 
¢ Separate data output 
Audio output with muting 
Low external count; 
crystal/ceramic filters 
Excellent sensitivity: 1.5.V across input 
pins (0.27 uV into 502 matching network) 
for 12dB SINAD (Signa! to Noise and 
Distortion ratio) at 455kHz 


Suitable for 


ABSOLUTE MAXIMUM RATINGS 
SYMBOL AND PARAMETER 


APPLICATIONS 

¢ Cellular Radio FM IF 

¢ Communications receivers 

¢ Intermediate frequency amplification and 
detection up to 10.7MHz 

¢ RF level meter 

e Spectrum analyzer 


RATING 


Storage temperature 


Operating temperature 


NE604 
SA604 


BLOCK DIAGRAM 
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-65 to + 150 


0 to +70 
-~40 to +85 


SIGNAL | 
STRENGTH 


IF AMP 
DECOUPLING 


PIN CONFIGURATION 


N, D PACKAGE 


16 | IF AMP INPUT 


RSS! OUTPUT 5 | 


AUDIO OUTPUT | 6 | 


DATA OUTPUT 


QUADRATURE 
INPUT 


TOP VIEW 


ORDER NUMBERS 


NE604N, NE604D 
SA604N, SA604D 


IF AMP 
DECOUPLING 


IF AMP 
OUTPUT 


LIMITER 
INPUT 


LIMITER 
DECOUPLING 
LIMITER 
DECOUPLING 


LIMITER 
OUTPUT 
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LOW POWER FM IF SYSTEM SA/NE604 


Preliminary 


ELECTRICAL CHARACTERISTICS 1, = 25°C, Voc = +6 volts, unless CIRCUIT DESCRIPTION 

otherwise stated. The SA/NE604's IF amplifier has a gain of 
30dB, bandwidth of 15MHz, with an input 
SA/NE604 impedance of 1.5KQ and an output impedance 
of 1.0K2. The limiter has a gain of 60dB, 
bandwidth of 15MHz, and an input impedance 
of 1.5KQ. An interstage filter between the IF 
Amplifier and Limiter is recommended to 
reduce wideband noise. The quadrature 

detector input (pin 8) impedance is 40K2 


SYMBOL AND PARAMETER 


Power supply voltage range 
D.C. current drain 

1F. frequency 

RSSI range 

RSSI accuracy 


I.F. input impedance 


|.F. output impedance 
Limiter input impedance 


Quadrature detector data output impedance 


The data (unmuted output) and audio (muted 
Output) both have 50K2 output impedance and 
their detected signals are 180 degrees out of 
kQ phase with each other. The mute input (pin 3) 
has a very high impedance and is compatible 
with three and five volt CMOS and TTL levels. 
Little or no DC level shift occurs after muting 
when the quadrature detector is adjusted to the 
IF center frequency. Muting will attenuate the 
audio signal by more than 60dB and no voltage 
spikes will be generated by muting. 


ar ao 
on Oo nn 


_— | — 
oO}; © 


kQ 


~ 


Muted audio out impedance 


Mute - switch input threshold (on) 
(off) 


oO 


~—" 
ae oo; 
IN 
ye 
<2 


H 4 
wo Nh 
j ~~ ' : ~ 
oS 2 


i n 
~“ oO 


The logarithmic signal strength indicator is a 

current source output with maximum source 

current of 50 microamps. The signal strength 

indicator’s transfer function is approximately 

10 microamp per 20dB and is independent of 

IF frequency. The interstage filter must have = 
a 6dB insertion loss to optimize slope linearity. 5 


Pins 1, 16, 15, 14, 12, 11, 10, 9, and 8 do not 
need external bias and should not have a 


DC path. 
TYPICAL APPLICATION 


O.1pF 5 (0.1nF 


LIMITER 


SIGNAL 


STRENGTH 


O © 0 
RSS! AUDIO DATA 
OUT OUT OUT 
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DOLBY NOISE REDUCTION CIRCUIT |  NE645/46 


DESCRIPTION . | FEATURES | PIN CONFIGURATION 
The NE645/646 is a monolithic audio nolse © Accurate record mode frequency : 
reduction circuit designed as a direct response 

replacement device for the NE645B/ Excellent frequency response tracking N PACKAGE 
NE646B In Dolby* B-Type noise reduction with temperature and Voc + 0.4 dB 
systems. The NE645/646 is used to reduce typical 

the level of background noise introduced Excellent back-to-back dynamic 5] F CONTROL 
during recording and playback of audio response — D.C. shift less than 20 mV 
signals on magnetic tape, and to improve _ typical POUTPUT LS Aare QUTEUT 
the noise level in FM broadcast reception. Improved stability of all op amps REFERENCE | 4 | 

This circuit is available only to licensees High reliability packaging 
of Dolby Laboratories Licensing Corpora- 

tion, San Francisco, California. 


A OUTPUT | 6 | 111| C OUTPUT 
EK OUTPUT 110] D FILTER 


NOTE ; 

*T.M. Dolby Laboratories Licensing Corporation. 
“ TOP VIEW 

ORDER NUMBERS 


NE645N, NEG46N 


ABSOLUTE MAXIMUM RATINGS 


_ PARAMETER RATING 


Supply voltage | 24 
Temperature range | 


Operating . Oto +70 
Storage —65 to +150 
Lead temperature (soldering, 60 sec) +300 


BLOCK DIAGRAM 


INTERNAL OVERSHOOT 
arptely BIAS SUPPRESSOR 
SUPPLY : 
awe aie Te 


VARIABLE 
IMPEDANCE 
G 
RECTIFIER 
SIDE 
CHAIN AMP al 
10 14 1 
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DOLBY NOISE REDUCTION CIRCUIT 


ELECTRICAL CHARACTERISTICS  V,¢= 12 volts, f= 20 Hz to 20 kHz. 
All levels referenced to 580 mVrms (0 dB) at Pin 3, Ty = +25°C 
Unless otherwise noted. 


NE645 
PARAMETER TEST CONDITIONS 


Supply Voitage Range 
Supply Current, loc Voc = 12V 
Voltage gain (Pins 5-3) f= 1 kHz (Pins 6 and 2 connected) 


f= 1 kHz, 0 dB at pin 3, noise 
reduction out 


| 


Voltage gain (Pins 3-7) 


Distortion 
THD, 2nd and 3rd harmonic 


f= 20 Hz — 10 kHz, 0dB 
f= 20 Hz — 10 kHz, + 10dB 


1% dist at 1 kHz 


Record mode 
Playback mode 


Signal handling’ (Vog = 12V) 


| Signal-to-noise ratio 


Record mode 
Frequency response 
(at pin 7) referenced 
to encode monitor point 
(pin 3) 


Back-to-back frequency Using typical record mode 
response frequency response test points 


Output resistance Pin 6 


Back-to-back frequency 
response shift 

Versus temperature 
Versus Supply voitage 


0°-70°C 
8-20V 


NOTES 
1, See maximum signal handling versus supply voltage characteristics. 
2. All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 


NE645/46 


120 Q 


120 Q 
dB 
dB 
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DOLBY NOISE REDUCTION CIRCUIT | | NE645/46 


PERFORMANCE CHARACTERISTICS 


THD vs FREQUENCY RECORD MODE THD vs FREQUENCY RECORD MODE THD vs FREQUENCY PLAY MODE 


10 = 


= ae er ane * — 10 =F 
% aoe Lay Os OE x ze Seats oe Oe EP d 
5 coe Gao Tr z z pt Veo 120-4 
E Saati att E ee ee ate et 
S Be ee ae asl S eee EE Seal) 
ee hh Bae et ” 
2 wi Pt ee 2 Q 0.1 a on es 
S$ ESS Sah g see 
c a Fa = = 
= coos come on cone ee < < 
2 Pana ~ z 
: LLU UT p : 
0.01 0.01 
100 10K 100 10K 
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 
THD vs FREQUENCY MAXIMUM SIGNAL HANDLING vs 
THD vs OUTPUT RECORD MODE NOISE REDUCTION (NR) OFF SUPPLY VOLTAGE 
iz 1.0 CRIA CAG GaN Gi OE OI OS Ge EE Te 
# a 1% THD 
z z a 4 RECORD MODE 
2 = eee S van 
S 6 ————————— : Wi 
: : a oa 7 
2 } 
ga a: ALTA 
z z b } 
$ = a. "4 
< : 2 | 4 
= <= 
oad aul 
fe < 
ie) © 
a * 0.01 
-20 =-10 0 +10 +20 8 10 12 #1 £416 #8 18 


OUTPUT (dB) FREQUENCY (Ha) Veco — SUPPLY VOLTAGE (VOLTS) 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 


icc — SUPPLY CURRENT (mA) 


Vcc — SUPPLY VOLTAGE (VOLTS) 
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DOLBY NOISE REDUCTION CIRCUIT NE645/46 


APPLICATION INFORMATION DOLBY ENCODER Output for constant level input (single tone frequency response) 
The NE645/646 is a direct replacement for input Level (dB) 
the NE645B/646B. The NE645/646 incorpo- 
rates improved design techniques to in- 
sure excellent performance required in 
Dolby B and C Type Audio Noise Reduc- 
tion Systems. Critical component values 
are unchanged except for C309 on Pin 1 
which is now an optional component in 
specific applications defined by Dolby 
Laboratories. All circuit parameters are 
guaranteed at 12V Voc. 


Frequency 


Poe 20 | 

[30 [02 | 06 | 08 | 19 | 39 | 66 | 88 | 97] 97 

Loo. | _o3 | 08 | 19 | 17 | 32 | 54_| S482] 100 | 103] 

8 98 ee a 

| 100 | Tr tt 7 [26 | 42 | 65 | 84 | 104 | 
140 | 8 | tt | 18 | 27 | 44 | 65 | 87 | 103 | 

[oo | or | o7 | 12 | 19 | 27 [44 | 65] 7 | 103 | 


NOTE 

The figures given in this table are the average response of many of Dolby Laboratories’ professiona! encoders, and are 
not intended to be taken as required consumer equipment performance characteristics, Thus, no Inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 


TEST CIRCUIT NE645/646 


INTERNAL 
BIAS 
SUPPLY 


POWER 
SUPPLY 


REFERENCE 


VARIABLE 
IMPEDANCE 


NOTE 
- All resistors standard and are measured In OHMS. 
*Optional capacitor in specific applications defined 


by Dolby Laboratories. 
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“LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT | 


NE648/49 


DESCRIPTION 


The NE648/649 is an audio noise reduction 
circuit designed for use in low voltage en- 
tertainment systems. The circult Is used 
to reduce the level of background noise in- 
troduced during the recording and play- 
back of audio signals on magnetic tape 
and improve the noise level in FM broad- 
cast reception. The circuit is intended for 
use in automotive and portable cassette 
Dolby” B-Type noise reduction systems. 
This circuit is available only to licensees 
of Dolby Laboratories Licensing Corp., 
San Francisco. 


NOTE 
*T.M. Dolby Laboratories Licensing Corparation 


ahi etree MAXIMUM RATINGS 


PARAMETER 


Supply voltage 
Temperature range 


Operating 
Storage 
Lead temperature (soldering 60sec} 


BLOCK DIAGRAM 


al 
a: 


fo INPUT AMP 
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PIN CONFIGURATION 


N PACKAGE © 


: 115] F CONTROL | 
B OUTPUT [ 3) 144] G OUTPUT 


| REFERENCE [4 | 


11] C OUTPUT 
110] D FILTER 


A OUTPUT [6 | 
EK OUTPUT | 7 | 


TOP VIEW | 


ORDER NUMBERS 
NE648N, NE649N 


RATING UNIT. | 


16 


~ 40 to + 85 
— 65 to + 150 
+ 300 


INPUT AMP 


VARIABLE 
IMPEDANCE 


: RECTIFIER 
SIDE ! 
CHAIN AMP Seas 
1 31 
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LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


DC ELECTRICAL CHARACTERISTICS Vcc =9V, f = 20Hz to 20kHz. 


All levels referenced to 580mVrms (0dB) at pin 3, T, = + 25°C unless otherwise noted. 


NE648 NE649 
PARAMETER ‘arco. a UNIT 
ie Be te et Te i 
Supply voltage | Supply voltagerange® 
6.5 6.5 
7.5 7.5 


Minimum voltage supply for 
8dB headroom a" aan Las 
10dB headroom <1% 


Supply Current, lec EE 


| Supply Current,Icc Current, ! | Supply Current,Icc 


f= 1kHz 
(pins 6 and 2 connected) 


f= 1kHz, OdB at pin 3, 
Voltage gain (pins 3-7) — noise ecu 


f = 20kKHz to 10kHz, 0dB 
f = 20Hz to 10kHz, + 10dB 


Signal Handling 
(See Performance Characteristics) 


Record 
(pins 6 and 2 connected) 
Playback 
(pins 6 and 2 connected) 


f= 1.4kHz 


Signal-to-noise ratio” 


Record mode frequency 
response (at pin 7) referenced 
to encode monitor point 

(pin 3) 


f = 20kHz 
0dB 
— 20dB 
— 30dB 


Back-to-back frequency Using typical record mode +1.0 £15 
response response 
35 35 
amon me Te [a8 [e else 
1.9 


Pin 6 2.4 


Output resistance 


, Record mode frequency 
response shift 


0 to 70°C 
— 40 to 85°C 
6 to 14V 


Versus temperature 


Versus Voc 


NOTES 

1. With electronic switching. 

2. All nolse levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
3. The circuit will function as low a8 Voc = 4.5V (i.e. output signal present). See graphs of loc and signal handling vs Vcc. 
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LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT _ ~ NE648/49 


PERFORMANCE CHARACTERISTICS 


(+ 10dB) THD vs FREQUENCY (0dB) THD vs FREQUENCY 


T_T 


EL | 
SN | 
| | 


FREQUENCY (Hz) FREQUENCY (Hz) 


CURRENT vs SUPPLY VOLTAGE MAXIMUM SIGNAL HANDLING vs SUPPLY VOLTAGE 
FOR 1% THD (RECORD) 


2 ee 
a a 


580mV) 
Ean 


OUTPUT LEVEL (dB, 0dB 


10 12 14 
Vee (V) ~ 12 
SUPPLY VOLTAGE (V) 
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LOW VOLTAGE DOLBY NOISE REDUCTION CIRCUIT NE648/49 


DOLBY ENCODER Output for constant level input (single tone frequency response) 
lenput Level (dB) 


0 
(Dolby 
Level) 


Frequency 
(kHz) 


pee ON a0 OO 0 OO 0 OO 
pod | oe | to | 2 | 02 | 02 | or | o2 [01 | 
Pp oz Tl os | om | 0s | 05 | oe | 06 | 05 | 05 | 
ee eae a ee ee 
i ee eee ee 
a Ce ee 18 | 26 | 29 | 29 | 30 | 29 | 
ak ee pees ame 
be Oe OL OMI | 43 | 44 [ 45 | 44 
SE ae ae | 48 | 50 | 53 | 51 
ie ee ae ee | 86 _| $8 | 36 
a ae ae ee | 57 | 61 | 63 | 62 | 
a ee ees ee poze et 
Er Cie ee ee 2 El 
eT ee a a 85 | 89 | 89 | 
ET ee ee ee ae 
| 5.0 | 10.0 | 10.3 
3 [97 | 10.4 | 
pee | 65 | 9.1 | 104 | 

140 | 05 | 08 

20.0 07 es | ar 


J power eee ee ee 
SUPPLY 


REFERENCE 


iain ee ee 
VARIABLE 
EMPUT ARP INPUT AMP IMPEDANCE 


G 
RECTIFIER 
"SIDE 
CHAIN AMP ae 
12 10 


1 14 R304 15 
R305 270K 
180K 4 


C304 
0.047,.F C306 C307 


I 5% i id 0.33.F 


“Optional capacitor in specific applica- 
tions defined by Dolby Laboratories. 
**“Optional R309, R314 as determined 
by customer. 
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LINEAR LS] PRODUCTS 


DOLBY B TYPE NOISE REDUCTION CIRCUIT 


NE650 


DESCRIPTION 


The NE650 Is a monolithic audio noise re- 
duction circult designed for use In Dolby” 
B Type noise reduction systems. The 
NE650 Is used to reduce the level of back: 
ground nolse introduced during recording 
and playback of audlo signais on magnetic 
tape. The NE650 features excellent dy- 
namic characteristics over a wide range of 
operating conditions and is pin compat: 
ble with NE645/646. This circuit is avail- 
able only to licensees of Dolby Laborator- 
les Licensing Corp., San Francisco. 


NOTE 
*T.M. Dolby Laboratories Licensing Corporation. 


ABSOLUTE MAXIMUM RATINGS 


| PARAMETER | | 


Supply voltage 

Temperature range 
Operating Oto +70 
Storage ~ 65 to + 150 


Lead temperature (soldering 60sec) + 300 


BLOCK DIAGRAM 


fl 


Pp 
SUPPLY 


OVERSHOOT 
SUPPRESSOR 


VARIABLE 
IMPEDANCE 


INTERNAL 
BIAS 
SUPPLY 


REFERENCE 
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_ RATING UNIT 
24 V 


f SIDE 
CHAIN AMP 
2 it 


PIN CONFIGURATION 


N PACKAGE 


118] F CONTROL 
B OUTPUT | 3| 14] @ OUTPUT 


REFERENCE | 4 | 


41] © OUTPUT 
10) D FILTER 


A OUTPUT [6 | 
EK OUTPUT [7 | 


TOP VIEW 


ORDER NUMBER 
NE650N 


GQ 
ECTIFIER 


LINEAR LSI PRODUCTS 


DOLBY B TYPE NOISE REDUCTION CIRCUIT NE650 


DC ELECTRICAL CHARACTERISTICS V,,= 12V, f = 20Hz to 20kHz. 


All levels referenced to 580mVrms (0dB) at pin 3, T, = + 25°C unless otherwise noted. 


NE650 
PARAMETER TEST CONDITIONS UNIT 
ranaweren | Min {| Typ | Max | 
Supply voltage range 20 V 
| Supply current, loc Electronic switching on 16 24. | mA 


Voltage gain (pins 5-3) f= 1kHz (pins 6 and 2 connected) | 255 | 26 | 265 | dB 


Voltage gain (pins 3-7) f= kHz, OdB at pin 3, noise reduction out | -05 {| 0 | +05 | dB 
Voltage gain (pins 2-3) f= 1kHz Ff 13 [|B 


Distortion f = 20Hz to 10kHz, 0dB 0.05 0.1 | 
THD; 2nd and 3rd harmonic f= 20Hz to 10kHz, + 10dB | 0.15 0.3 


%e 
% | 
| Signal handling 1% distortion at 1kHz +15 dB | 
er Record mode 68 72 
Signal-to-noise ratio Playback mode 82 


Back-to-back frequency response U ae 


Record mode frequency response (at pin 7) a AEE RITE 
| referenced to encode monitor point (pin 3) : 8 | oi | 5 


f = 20kHz . | [(—— 
OdB 
~ 20dB 
- 30dB 


Output resistance 


Back-to-back frequency response shift 
Versus Ta | 0°C to — 70°C 
Versus Voc 8 to 20V 


*All noise levels are measured CCIR/ARM weighted using a 10K source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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LINEAR LSI PRODUCTS 


DOLBY B TYPE NOISE REDUCTION CIRCUIT | 


NE650 


PERFORMANCE CHARACTERISTICS 


THD vs FREQUENCY RECORD MODE 


THD vs FREQUENCY RECORD MODE 


Q ro dl Sacest 
Vee = 12V i 
Seiieeisaeit i 


== am =e 
==: Siti peer 
a Riiill email 


1K 10 


FREQUENCY (Hz) 


0.1 


TOTAL HARMONIC DISTORTION (%) 


K 


THD vs OUTPUT RECORD MODE 


1.0 


0.1 


TOTAL HARMONIC DISTORTION (%) 


- 20 ~ 10 0 
QUTPUT (dB) 


+10 +20 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 


20 


lec —- SUPPLY CURRENT (mA) 
Pa 


Le J 
—_ 
c=) 
~s 
a 
~A 
& 
— 
@ 
—b 
@ 


Voc — SUPPLY VOLTAGE (VOLTS) 
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TOTAL HARMONIC DISTORTION (%) 


TOTAL HARMONIC DISTORTION (%) 


FREQUENCY (Hz) 


THD vs FREQUENCY 


NOISE REDUCTION (NR) OFF 


oe ities met 


el ell 


oH ih 
Ht pea 4 


FREQUENCY (Hz) 


TOTAL HARMONIC DISTORTION (%) 


THD vs FREQUENCY PLAY MODE 


Li a 


a 
sii cae 0 48 amansi 


eect veo et tt 
hh ean ee 
AIC 


0.1 CETREUSEES CEE PES ONE Lhe 


FREQUENCY (Hz). 


MAXIMUM SIGNAL HANDLING vs 
SUPPLY VOLTAGE 


1% THD © 
RECORD MODE 


OUTPUT (dB DOLBY) 


8 10 12 14 16 18 
Vec — SUPPLY VOLTAGE (VOLTS) 


LINEAR LS! PRODUCTS 


DOLBY B TYPE NOISE REDUCTION CIRCUIT 


NE650 


DOLBY ENCODER Output for constant level input (single tone frequency response) 
input Level (dB) 


| 6.3 | 6.2 
| ee ee Ree ee Ser ee ee ee 
Lia | os | oe | 23 | 44 | 66 | 75 | 77 | 77 | 
p20 | ot 4 | eg | 22 | 43 | 70 | 85 | 88 | 88 
| 30 | 2 | oe | oe | 19 | 39 | 66 | 88 | 87 | 87 | 
p50 | | oe | 40 | 7 | 32 | 54 | 82 | 100 | 10.3 | 
Lo | | oe fT to 7 | 28 | 47 | 73 | 87 | 104 | 
| 100 | od | 7 | tt | 7 | 26 | 42 | 65 | 84 | 104 | 
| 4g TS ok tt | 18 27 | 44 | 65 | 87 | 103 
L200 | or | 7 ft | te | 27 | 4 | 65 | 87 | 103 | 


NOTE 

The figures given in this table are the average response of many of Dolby Laboratories’ professional encoders, and are 
not Intended to be taken as required consumer equipment performance characteristics. Thus, no inference should be 
drawn on the tolerances which licensees must retain in consumer equipment. The figures can, however, be used to 
plot typical characteristics. 


TEST CIRCUIT NE650 


€ 


e INTERNAL OVERSHOOT 
POWER BIAS | SUPPRESSOR 


SUPPLY SUPPLY 


REFERENCE 


VARIABLE 
IMPEDANCE 


NOTE 

All resistors standard and are measured in OHMS. 
“Optional capacitor in specific applications defined 
by Dolby Laboratories. 


G ; 
La ——y 


0.33nF 


5-37 


LINEAR LSI PRODUCTS 


DOBY NOISE REDUCTION SYSTEM 


NE660 


DESCRIPTION FEATURES 

The NE660 is a monolithic audio noise ¢ Low voltage operation 

reduction circuit designed for low power e¢ Large headroom (17dB typical at 1.8V) 
supply voltage applications. It is used to e¢ Single or dual supply operation 
reduce the level of background noise in- ¢ Excellent channel to channel matching 
troduced during recording and playback of e¢ Low nolse | 

audio signais on magnetic tape. This cir- «¢ Very low distortion 

cuit is available only to licensees of e Electronic Record/Play, on/off switch 
Doiby* Laboratories Licensing Corpora- ¢ Minimum external part count 


tion, San Francisco, California. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER | RATING UNIT 


Supply voltage 

Temperature range 
Operating —20 to +70 
Storage — 65 to + 150 


BLOCK DIAGRAM 


| ATTACK | 
DECAY 
CIRCUIT 


| NOISE REDUCTION CONTROL 
AMP AMP 


SUMMING 
AMP 


~ SUMMING 
AMP 


NOISE REDUCTION CONTROL 


ATTACK | 
DECAY 
| CIRCUIT 


PIN CONFIGURATION 


D' PACKAGE 


CONTRLB | 3 | 


CONTRLA [8 | 


TOP VIEW 
ORDER NUMBER 
NE660D! 


. Switch output channel B 
. Output channel B 

. Control voltage B 

. Integrating filter B 
Ground 

Mode 

. Integrating filter A 

. Control voitage A 

. Output channel A 

. Switch output channel A 

. High pass filter channel A 
. AC ground channel A 

. Side chain channel A 

. Input channel A 

. Reference 

- Veo 

. Input channel B 

. Side chain channel B 

. AC ground channel B 

‘ ohIgh pee filter channel B 


1 
2 
3 
4 
5. 
6. 
7 
8 
9 


1. SOL - Released in Large so package only. 
2. SOL and non-standard pinout. 
3. SO and nd non-standard pinots. 


*Available only to licensees of Doiby Laboratories Corporation, San Francisco, from whom licensing and application information must be obtained. 


Dolby is a registered trademark of Dolby Laboratories Corporation, San Francisco, California. 
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LINEAR LS! PRODUCTS 
DOLBY NOISE REDUCTION SYSTEM NE660 


ELECTRICAL CHARACTERISTICS STANDARD CONDITIONS: Voc = 3V, frequency range: 20Hz-20kHz, T, = 28°C. All levels 
referenced to 77.5mV = 0dB at test point (T.P.) In test circuit of Fig. 1. 


SYMBOL & PARAMETER | wove | PRES TEST CONDITIONS 


| Supply Voltage Range ||P 
a A ETT 


roe | ot | | mena Scie 


[on [KTH 
a ee app 

[Vecs tev, THD=aTe | 2 | 7 | ~+| 
Oa 


Signal Handling at Output, 
Note 1 


Distortion, Note 4 


Distortion + Nolse 


Distortion, Note 4 


Distortion + Nolse 


"Signal to Noise Ratio, Note? |-—F-—j——]_conmam | “4 4} 8 
a] Tetons | PS 
acre tare ee es [| es] ee 
Ce ee eC 
ae eee 
oeniscamamines a | ao) nleecmas | an nec ae 
Pe ienaslia chamislcwanaie | Ta | ae oma |e 
oe or we ee 
a A TET TOC TN 
Soe =a 


Switching Thresholds (Relative 
to Voltage on Pin 15) 


. 


Frequency Response, Note 3 


Maximum Frequency Response 
Shift vs. Temperature 
(Relative to T, = 25°C) 


Maximum Frequency Response T.P. Level = -20dB 
Shift vs. Supply Voitage 2K 18 <= Ve. <7V dB 

(Relative to Veg = 3V) ae | | 

NOTES: 

. 12dB headroom guaranteed at 1.8V; however, system remains operational to Vog # 1.6V. 

. See Dolby Laboratories bulletin No. 19. 

. In DC coupied configuration when Pins 12 and 19 are connected to Pin 15, the RECORD curves might read slightly different than In AC coupled mode (Fig. 1). The variation is 
typically .5dB at the worst case input level/frequency combination. A slight degradation of Channel to Channel Crosstalk wili also occur. When device is intended for use In DC 
coupled configuration, factory test is to be requested accordingly. 

. 008 distortion Is specified with each harmonic measured in a 20Hz B.W. 12dB distortion is specified as the wideband (20Hz-20kHz) measurement of the harmonics plus noise. 


on — 


a> 
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DOLBY NOISE REDUCTION SYSTEM NE660 


Vec 
100, 'e e LI 4.7 uF e = mei 
ae 16 2 = 1 = = 
| 
i | FULL | 
| | WAVE Po | 33, 
TP 033uF 4700pF RECT —— = 7 a 
° 13 | ATTACK |, 
| § DECAY ; 
NOISE REDUCTION CONTROL | CIRCUIT | v 
AMP AMP can ell =e 
| = 
[ 
SUMMING | 
AMP | 
A INPUT I A OUTPUT 
@ sm waesnaranreeeree reiratste: 
| . 10yF 
10K 2 | 10K 
NR.OFFO ‘O | : 
RECODE | 
ae 
TP 
: . B OUTPUT 
B INPUT 10,F ie 
10K ly 10K 
SUMMING 


Crease tau nara AAPOR A EE 


$ | 

iets 
2 q AMP | = 

| ' 2 | | | 

| | | 


NOISE REDUCTION CONTROL 
AMP AMP 


na: 
~ 
a 


| ATTACK 
DECAY 


18 , 
: x f CIRCUIT | 
.033,F 4700pF ca ae oe 
pw a 3 
| : 
| eens ae a ry cas Ph OR oe teas, 
5 
V- og 
47 uF 033, 
+ Lt a 
Figure 1. Test Circuit 


5-40 


LINEAR LS! PRODUCTS 


DOLBY NOISE REDUCTION SYSTEM 


NE660 


Preliminary § 


RECORD 
NR OFF 
PLAY 


a 
CG 
6 
= 
owl 
Qa 
z 
< 
x 
-4 
< 
z 
re) 
” 


Vcc, V 


Figure 2. Supply Current vs. Voc | Figure 3. Signal Handling (THD — 1%) 


PERCENT 
OUTPUT LEVEL, dB 


01 ~— 45 
20 50 100200 500 1K 2K 5K 10K 20K 20 50 100 200 5001K 2K 5K 10K 20K 
FREQUENCY, Hz FREQUENCY, Hz 


Figure 6. Encode Transfer Curve Shift 
Figure 5. Harmonic Distortion + Noise With Temperature 


PERCENT 


OUTPUT LEVEL, dB 


01 
20 50 100 200 500 1K 2K 5K 10K 20K 
FREQUENCY, Hz 


Figure 4. Distortion + Noise 


20 50100200 500 1K 2K 5K 10K 20K 
FREQUENCY, Hz 


Figure 7. Crosstalk, Vocg = 3V 
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LINEAR LSI PRODUCTS 


FM STEREO MULTIPLEX DECODER, PHASELOCKED LOOP___ 


DESCRIPTION FEATURES 

The A758 is a monolithic phase-locked ¢ 45dB channel! separation 

loop FM stereo multiplex decoder. The de- Automatic stereo/mono switching 
vice decodes an FM stereo multiplex signal 70dB SCA rejection 

into right and left audio channels while 10V to 16V supply range 
inherently suppressing SCA information High impedance input—iow Impedance 
when it is contained in the composite input output 

signal. The device includes automatic 

mono-stereo mode switching and drive for 

an external lamp to indicate stereo mode 

operation. 


The «A758 operates over a large voitage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla- 
tor frequency. No coils are required. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage +18 
Supply voltage (< 15 seconds) +22 
Voltage at lamp driver terminal 


(Lamp OFF) - +22 
Internal power dissipation 730 
Operating temperature range ~40 to +85 
Storage temperature range -55 to +125 
Lead temperature (60sec) 300 


BLOCK DIAGRAM 


SWITCH FILTER LOOP FILTER 


v* 


16 9 


eae ao 
| . PILOT 


DETECTOR 


DETECTOR 
INPUT 42 | 


PILOT —_T att 
DETECTOR tha omen 


STEREO 
DEMODULATOR 


AMPLIFIER 
ouTpur] 2 


| 
| 
| 
| 
l 
| 
| 
| 


LEFT CHANNEL 
_ DE-EMPHASIS 
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OSCILLATOR AC NETWORK 


38kHz DIVIDER DIVIDER 


MULTIPLEX INPUT | 1 | 
AMPLIFIER OUTPUT [ 2 | 
LEFT CHANNEL [737 


OE-EMPHAGIS 


Lert —— 
RIGHT enue 
OUTPUT 

RIGHT CHANNEL 


OE-EMPHABIS 


TOP VIEW 


p A758 


PIN CONFIGURATION 
N PACKAGE 


is] OSCILLATOR AC 
NETWORK 

14] LOOP FILTER 

113] LOOP FILTER 

112] DETECTOR INPUT 

14] 10k Me TEST SIGNAL 

10], SWITCH FILTER 

9 | SWITCH FILTER 


ORDER NUMBERS 


pA756N 


36kHz TO 19kHz 
QUADRATURE 


F 38kHz TO 19kHz 
IN PHASE 


DIVIDER 


OUTPUT 
BUFFER 
OUTPUT 
BUFFER 


RIGHT CHANNEL 
DE-EMPHASIS 


19kHz TEST 
SIGNAL 
LEFT 
CHANNEL 
OUTPUT 


RIGHT 
CHANNEL 
OUTPUT 


LINEAR LSI PRODUCTS 


2 A758 


PHASE LOCKED LOOP 


FM STEREO MULTIPLEX DECODER 


EQUIVALENT SCHEMATIC 


ANGNIYOL93130 
— >—{ K———-wwr-- 


aaa 


IVNSIS LS3L THNG: ¥3i%4d901 


BIL W4 HILIMS o1 uh ras e4 Ss 


— is ee ae ea eee eee eee eee ea ee See ee ee — ee eee eee 


Lise appb to] 


LY Wangs 
oS 


SISVHAW3-30 a a [ sisvHdma-30 ean s+ 
LHe gat Ang 
= = xan 


iHDIn 4337 


HOLVDION 
ie) Sindino 


HON! 
IBIS 


2OVLIOA 
AlsdNs 
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LINEAR LS] PRODUCTS _ 


FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP uA7358 


DC ELECTRICAL CHARACTERISTICS Ta= 25°C, V+ =+12V, 19kHz pilot level = 30mVams, multiplex signal 
(L = R, pilot OFF) = 300mMVrams, modulation frequency = 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 


PARAMETER TEST CONDITIONS 


loc Supply current Lamp OFF 


~ Maximum available lamp current 
eousee at lamp driver terminal Lamp = 5OmA 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 
| A(V4&Vs5) DC voltage shift at either output 
terminal 


Ps.rn.R. Power supply ripple rejection 
SEP Channel separation 


TEST CONDITIONS 


Stereo to mono operation 


200Hz, 200mVams 
100Hz 
400Hz 
10kHz 


a ee 


T.H.D. 


Channel balance 
Pilot input level Lamp turn-on 18 25 mVrms 
Lamp turn-off 2.0 7.0 mVRMS 
Pilot input level | Pilot input level hysteresis Lamp turn-off to turn-on 3.0 70] | dB 
2.0 
Total harmonic distortion 
19kHz rejection 25 
25 
SCA eee ae 
NOTES 
1. Measured with astereo composite signal consistency of 80% stéreo, 10% pilotand 10% 
2. Total resistance from pin 15 to ground, in test circuit, required to set reference 
frequency at pin 11 to 19kHz + 10hz. 


Pay Voltage gain Pos | 09 | 14 
Capture range 4.0 6.0 
Multiplex level = 600mVrms pilot OFF 0.4 1.0 
38kKHz rejection 
Frequency drift $$ $<sececge 2Ta<25°C +0. +2 % 
25°C Ss Ta S$ 70°C -0.4 +2 % 
SCA as defined in the FCC Rules on Broadcasting. 
TYPICAL PERFORMANCE CHARACTERISTICS 


CHANNEL SEPARATION vs . HARMONIC DISTORTION vs OSCILLATOR FREE RUNNING 
AUDIO FREQUENCY INPUT LEVEL FREQUENCY ERROR vs AMBIENT 
TEMPERATURE 
PS 4 9 
eo Beate | imi 
5 Ce SIC : a 
= <x 1.0 
SIC : anny, ae ee 
< 7 ler ie ae ee ‘-—_— BeBe Ses 
& , iereene TT tea noe 3 a 
Bot i pte La eae ee ~~ kee se 
é h : © —1.0 
Se Cecio : > Eee eae 
» LIL TUE T Hes tean 4] 6 2 Ree 
10 100 1k 10k 100k 3} ~60-40-20 0 20 40 60 80 100 


AUDIO FREQUENCY — Hz INPUT LEVEL — mVrms TEMPERATURE — °C 
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LINEAR LS! PRODUCTS 


FM STEREO MULTIPLEX DECODER, PHASE LOCKED LOOP pA758 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


LAMP TURN ON & TURN OFF CAPTURE RANGES vs PILOT LEVEL CHANNEL SEPARATION vs 
SENSITIVITY vs AMBIENT OSCILLATOR FREE RUNNING 
TEMPERATURE FREQUENCY ERROR 


CAPTURE RANGE — % 


E 
> 
E 
| 
! 
ul 
> 
[VY 
al 
= 
@) 
a 
a 


INPUT SIGNAL = 30mVrms 
MULTIPLEX SIGNAL 
(L=1, R=0, PILOT OFF)= 
150mVrms 


CHANNEL SEPARATION — dB 


20 40 60 80 100 -1.0 0 1.0 


OSCILLATOR FREE RUNNING 
TEMPERATURE — °C PILOT LEVEL — mVrms FREQUENCY ERROR — % 


TEST CIRCUIT AND TYPICAL APPLICATION 


Vt = +12V 


C4 
.0025 pF 


COMPOSITE 
MULTIPLEX 
UNIT 


LED 
STEREO 
INDICATOR 
LAMP 


OSCILLATOR 

ADJ 
LEFT 

OUTPUT 


RIGHT 
OUTPUT 


= (TOP VIEW) 


NOTE 


Tolerance on resistors is +5% and tolerance on capacitors is +20% unless otherwise 
specified. C; tolerance = +100%; -20%, Cg tolerance = +1% in test circuit and +5% in 
typical applications, R3 tolerance =+1%, Rag tolerance = +10%, R1 and R2 tolerances = +1% 
in test circuit and +5% in typical application. 
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ees LSI Oe 


EM IF SYSTEM 


_CA3089 


———— 


DESCRIPTION 

CA3089 is a monolithic integrated circuit 
that provides all the functions of a com- 
prehensive FM-IF system. Figure 6 is a 
block diagram showing the CA3089 fea- 
tures, which include a three-state FM-IF 
amplifier/limiter configuration with level 
detectors for each stage, a doubly- 
balanced quadrature FM detector and an 
audio amplifier that features the optional 
use of a muting (squeich) circuit. 


The advanced circuit design of the IF sys- 
tem inciudes desirable features such as 
delayed AGC for the RF tuner, an AFC 
drive circuit, and an output signal to drive 
a tuning meter and/or provide stereo 
switching logic. In addition, internal 
power supply regulators maintain a nearly 
constant current drain over the voitage 
supply range of +8 to + 18 volts. 


The CA3089 is idea! for high-fidelity opera- 
tion. Distortion in a CA3089 FM-IF system 
is primarily a function of the phase linear- 
ity characteristic of the outboard detector 
coil. 


The CA3089 utilizes a 16-lead dual-in-line: 
plastic package and can operate over the 
ambient temperature range of — 40°C to 
+ 85°C. 


FEATURES 

* Exceptional Iimiting sensitivity: 10uV 
typ. at ~ 3dB point 

® Low distortion: 0.1% typ. (with double- 
tuned coll) 


BLOCK DIAGRAM 


pl ne AR RRC ta NAP 


TO INTERNAL 
REGULATIONS 


IF INPUT 1 


LEVEL fF oLevet AUDIO 
ec oe DETECTOR | | DETECTOR | { MUTE 
che O- mz (SQUELCH) 
L. ieceramnyemnagen ell te eee CONTROL | _ 15 
aK = — AMPLITUDE | MUTING 
208 TUNING | MUTE (SQUELCH) | se seu SENSITIVITY 
METER DRIVE CIRCUIT 12 on ‘, 
FRAME SUBSTRATE Cie UT 500K 
rr enn = 0.33uF 
"e Meren TO STEREO 
| TUNING METER OUTPUT THRESHOLD 
1. he ob LOGIC CIRCUITS —s 
NOTE 


All resistors values are typica! and in ohms. 
*L tunes with 100pF (C) at 10.7MHz 


Cet Teen teenie 
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Qg = 75 (G.I. EX27825 or equivalent) 


PIN CONFIGURATION 
N PACKAGE 
iF INPUT [1 | 


iF INPUT 
BYPASSING (2 | 


IF INPUT 
BYPASSING 


Single-coil tuning capability 

e High recovered audio: 400mvV typ. 

e Provides specific signal for control of 
interchannei muting (squelch) 
Provides specific signal for direct drive 
of a tuning meter 

Provides delayed AGC voltage for RF 
amplifier 

Provides a specific circuit for flexible 
AFC 

Internal supply/voltage regulators 


APPLICATIONS. 

e High-fidelity FM receivers 

¢ Automotive FM receivers 

¢ Communications FM receivers 


MuTE CONTROL [5 } 


auaolo our [6 | 
& 


REF. BIAS 


-—y QUADRATURE 
INPUT 


AFC OUTPUT | 7 | 


TOP VIEW 
ORDER NUMBER 
CA3089N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 
DC supply voitage: 
Between terminals 11 and 4 18 V 
Between terminals 11 and 14 18 V 
DC Current (out of terminal 15) 2 mA 
| Device dissipation: 
Up to Ta = 60°C 600 mw 
Above Ta = 60°C derate linearly 
6.7 mw /°C 
Ambient temperature range: 
Operating —40 to +85 °C 
Storage. ~—65 to +150 °C 
Lead temperature (during soldering): 
At distance not jess than 1/32” (0.79mm) +265 °C 


from case for 10 seconds’max 


QUADRATURE C* 100pF 
Ve INPUT | 
27H | , ‘ | 
REFERENCE 
BIAS 


OUT 


AFC 
OUTPUT 


QUADRATURE 
fh DETECTOR §{ 


FM gy AUDIO 
DETECTOR 


QUTPUT 


LINEAR LS! PRODUCTS 


CA3089 


FM IF SYSTEM 


EQUIVALENT SCHEMATIC 
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LINEAR LSI PRODUCTS 


FM IF SYSTEM — CA3089° 


PARAMETER 


STATIC (DC) CHARACTERISTICS 
Ia4 Quiescent circuit current 
DC Voltages:4 

V4 Terminal 1 (IF input) 


Vo Terminal 2 (ac return to input) | No signal input, non-muted ) “Vv 
V3 Terminal 3 (dc bias to input) No signal input, non-muted Vv 


Terminal 6 (audio output) No signal input, non-muted 
Terminal 7 (A.F.C.) No signal input, non-muted 
Terminal 10 (de reference) No signal input, non-muted 


DYNAMIC CHARACTERISTICS _ 
Vilim) Input limiting voltage (—3dB point)$ uV 


AMR AM Rejection (terminal 6)4 VIN = 0.1V, Fo = 10.7MHz, 
fmod = 400Hz, AM Mod = 30% 


Recovered audio voltage (terminal 6) 


Total harmonic distortion: ! 
THD Single tuned (terminal 6)3 
THD Double tuned (terminal 6)4 


~ S+N/N_ Signal plus noise to noise ratio (terminal 6) Deviation = + 75kHz Vin = 0.1V 60 70 
MUN Mute input (terminal 5) Vs = 2.5V 50 70 
MUouT Mute output (terminal 12) Vin = SOuV 

Vin = OV 


fmod = 400Hz, VIN = 0.1 


dB 

mV 

% 

% 

dB 

dB 

V 

V 
MTR Meter output (terminal 13) Vin = 0.1V 3.6 
Vin =500znV 1.5 

Vin = OV | 7 


Double tuned (terminal 6)4 fmod = 400Hz. 0.1 % 
VIN = 0.1 


NOTES 

1. THD characteristics and Audio Leve! are essentially a function of the phase and Q 
characteristics of the network connected between terminals 8,9, and 10. 

2. Test circuit Figure 1. 

3. Test circuit Figure 2. 

4. Test circuit Figures 1 and 2. 


5-48 


LINEAR LS! PRODUCTS 


FM IF SYSTEM 


CA3089 


TEST CIRCUITS 


TYPICAL FM TUNER (With a single-tuned detector coil.) 


CERAMIC 
FILTER 
(NOTE 2) 


SYSTEM DESIGN 
CONSIDERATONS 

The CA3089 js a very high gain device and 
therefore careful consideration must be 
given to the layout of external compo- 
nents to minimize feedback. The input by- 
pass capacitors should be located close 
to the Input terminals and the values 


vt 212V 


2.7K OUTPUT 


Figure 3 


should not be large nor should the capac- 
itors be of the type which might introduce 
inductive reactance to the circuit. An ex- 
ample of good by-pass capacitors would 
be ceramic disc with values In the range of 
.01 to .05 microfarad. 


The input impedance of the CA3089 is 


TYPICAL PERFORMANCE CHARACTERISTICS 


MUTING ACTION, TUNER AGC 


(Tuning meter output as a 


function of input 
signal voltage.) 


DC VOLTAGE SUPPLY V+ : 12V 
TEST CIRCUIT — SEE FIGURE 3 


RECOVERED AUDIO 
FROM FULL OUTPUT 


(LEFT CO-ORDINATE) 


VOLTAGE AT 
TERMINAL NO. 15 
(RIGHT CO-ORDINATE) 


RECOVERED AUDIO — dB 
MUTING CONTROL AT MAXIMUM RESISTANCE 


(33K) TO GND) 


100 1K 
INPUT SIGNAL - UV 


AMBIENT TEMPERATURE(TA) + 25 


LAL 


(RIGHT CO-ORDINATE) 


10K 


approximately 10,000 ohms. It Is not 
°C 
< 
i) 
Z 
E 5 
Yl: 
1S) °o 
9 z 
& 
3 


100K 


NOTES 


All resistors values are typical and in ohms. 

. Waller 4SN3FIC or equivalent 

. Murate SFG 10.7mA or equivalent 

. Rg will affect stability depending on circuit layout. 
To increase stability Rg is decreased. Range of Rs 
is 330 to S00, Ry + Rg <= 3302 


. L tunes with 100pF (C) at 10.7MHz 
Qo unloaded = 75 (G.I. EX27825 or equivalent) 


Performance data at f, = 98MHz, fyop ™ 400Hz, devi- 
ation = 
+ 74kHz: 
—3dB limiting sensitivity 
20dB quieting sensitivity 
30dB quieting sensitivity 


2uV (antenna level) 
iV (antenna ievel) 
1.5uV (antenna level) 


recommended to match this impedance. 
The value of the input termination resistor 
should be as low as possible without 
degrading system operation. The lower 
the value of this resistor the greater the 
system stability. An input terminating 
resistor between 50 and 100 ohms is 
recommended. 


AFC CHARACTERISTICS 


(Current at Term. 7 asa 
function of change in 
frequency.) 


DC POWER SUPPLY (V+)=12V | 


CHANGE IN FREQUENCY (Af)— kHz 
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LINEAR LSI PRODUCTS 


FM IF SYSTEM 


CA3089 


TEST CIRCUITS | : 


TEST CIRCUIT 
(Using a single-tuned detector coil.) 


TEST CIRCUIT 
(Using a double-tuned detector coil.) 


0.05uF 
SIGNAL 0.01uF AFC OUTPUT 
INPUT 
VOLTAGE 
giGhae 0.01uF AFC OUTPUT 
AUDIO INPUT 
7 5 27K OUTPUT VOLTAGE 


O 
AuDdIO 
7 5 2.7K OUTPUT 
e 
12 


12 
0.001UF 


0.001UF 


TUNING 
METER 150.4 
FULL 


SCALE = 
TUNING 


METER 


*NOTE 

All resistors values are typical and in ohms. 

T: Pri. — Qy (unloaded) = 75 (tunes with 100pF (C1) 20 t¢ of 34e on 7/32” dia. form) 
Sec. ~ Q, (unloaded) = 75 (tunes with, 100pF (C2) 20 t¢ of 34e on 7/32” dia. form) 
kQ (percent of critical coupling) > 70% 

(Adjusted for coil voltage Vo) = 150mV 
Above values permit proper operation of mute (squelch) circuit “E” type slugs, spacing 


4mm 


*NOTE 


L tunes with 100pF (C) at 10.7MHz. 
All resistors values are typical and in ohme. 
Qo (unloaded) = 76 (G.I. automatic mfg. div. EX27825 or equivalent). 


Figure 1 Figure 2 
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LINEAR LSI PRODUCTS 


nan RS CR A AN OTTO Pa EU ANAT BP a a RR RNR TEEN SoS SRT enn Far A a STN 
Seca ar ee are TT ne SRN EN A I A NE TE ce nT Se NE See TC Sete TT se LEE 


BALANCED MODULATOR! TORIDEMODULATOR MCt 4961 96IMC1596 | 596 


eoeeeeerenhnenterpatostynaeneryneere-esurstneveransteaertant see anrepperentenvenpreraunceen-wemrentrant 


DESCRIPTION APPLICATIONS PIN CONFIGURATIONS 


The MC1496 is a monolithic Double- © Suppressed carrier and amplitude modu- 
Balanced Modulatcr/Demodulator de- lation 

signed for use where the output voltage is a Synchronous detection 

product of an input voltage (signal) and a FM detection 

switched function (carrier). The MC 1596 will Phase detection 

operate over the full military temperature Sampling 

range of -55°C to +125°C. The MC 1496 is Single sideband 

intended for applications within the range of Frequency doubling 

OFC to-e707C. 


FEATURES 
e Excellent carrier suppression 
65dB typ @ 0.5MHz 
50dB typ @ 10MHz 
¢ Adjustable gain and signal handling 
® Balanced inputs and outputs 
© High common-mode rejection--85dB typ 


ABSOLUTE MAXIMUM RATINGS 


I oan 
PARAMETER | RATING UNIT 


POSITIVE 
SIGNAL INPUT 


NEGATIVE 
SIGNAL INPUT 


POSITIVE 
CARRIER INPUT 


TOP VIEW 


ORDER NUMBERS 
MC1496F,N MC1596F 


| 
Applied voltage 30 
Differential input signal (Vg-V 19) +5.0 
Differential input signal (V4-V4) (5 + 5 Re) 
Input signal (Vo-V1, V3-Va) 5.0 
Bias current (Is) 10 
Power dissipation (pkq. !imitation) 
N package 900 
Operating temperature range 
| MC1496 | 0 to +70 
MC1596 -55 to +125 
Storage temperature range -65 to +150 


EQUIVALENT SCHEMATIC 


Honea nae amamnamemennaneaasanner mamta sieene A PO TNT A NR Se NRL Po LE TN, ie omy 


CARRIER (=) Qe 


INPUT(+) 92———-— 


4 
SIGNAL (-) O——-———--—--—---f£_O5, 
INPUT (+) Goes Sunes GAIN 
ae ADJUST 
BIAS O-——-—— on i 
+o, 
Ry 3 
 500kQ 500kQ 500kQ 


eee eee 
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LINEAR LSI PRODUCTS 


BALANCED MODULATORIDEMODULATOR =-—S«w MC-4.496/MIC-1596 


DC ELECTRICAL CHARACTERISTICS v*+ =+12Vdc, V- =-8.0Vdc, Is = 1.0mAdc, Ri = 3:9k, Re = 1.0kQ, 


Ta = 25°C unless otherwise specified. 


[nearer fae 


Single-ended input impedance 
Parallel input resistance 
Parallel input capacitance 

Single-ended output impedance 
Parallel output resistance 
Parallel output capacitance 


Input bias current 
In +14 
2 
lg + lio 
oe ca 
Input offset current 
lios =h1-14 
lioc = Ig— l19 


lbs = 


Average temperature coefficient 
of input offset current 
Output offset current 

le the 


Tcloo Average temperature coefficient 
: of output offset current 
Common-mode quiescent 
Vo Output voltage (Pin 6 or Pin 12) 
Power supply current 
lg + ly 
lia 
Pp DC power dissipation 


TEST CIRCUIT TEST CIRCUIT 


CARRIER REJECTION AND SUPPRESSION SIGNAL GAIN AND OUTPUT SWING 


+ 12V0C 


fe INPUT 
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LINEAR LS! PRODUCTS 


BALANCED MODULATOR/DEMODULATOR | MC1496/MC1596 


AC ELECTRICAL CHARACTERISTICS v* = +12Vde, V- = -9.0Vde, Is = 1.0mAdc, Ri = 3.9kN, Re = 1.0kN, 


Ta = +25°C unless otherwise specified. 


VcFT Carrier feedthrough Vc = 6OmVrms sinewave and 
fo = 1.0kHz wVrms 
a ve 
0. i 0.2 z 4 0.4 | mVrms 
Offset not adjusted fo = 1.0kHz 100 200 

BW3qs = Transadmittance bandwidth | Carrier input port, Vc = 60mMVrms 300 300 MHz 

80 80 MHz 
sinewave |Vc| = 0.5Vdc 


offset adjusted to zero 
fo = 10MHz 
Vcs Carrier suppressions fs = 10kHz, 300mVrms sinewave 
fo = 500kHz, GOmVrms sinewave 
fc = 10MHz, 60mVrms sinewave 
(Magnitude) (Rr = 502) sinewave fs = 1.0kHz, 
AVs Signal gain Vs = 100mMVrms; f = 1.0kHz ae 
\Vc| = 0.5Vde 


MC1596 MC1496 
PARAMETER TEST CONDITIONS Tin | Typ. UNIT 
Typ ram oN 
Ve = 300mMVp-p squarewave: 
Offsetadjustedtozero fco=1.0kHz 
300mVrms sinewave 
Signal input port, Vs = 300mVrms 
_| CMV Common-mode input swing Signal port, fs = 1.0kHz hod p 
ACM Common-mode gain Signal port, fs = 1.0kHz dB 
IVc| = 0.5Vde 
OVout Differential output voltage Vp- p 
swing capability 


I= 


TEST CIRCUIT 
CARRIER REJECTION AND SUPPRESSION 


+ 12VDC 


MODULATING 
SIGNAL 
INPUT 


CARRIER NULL 
- 8VDC 


*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 


"HIGH SPEED FSK MODEM TRANSMITTER - 


NE5080 


DESCRIPTION | FEATURES ~ PIN CONFIGURATION | 
The NE5080 is the transmitter chip, of a Meets IEEE 802.4 standard r eer a 
two chip set, designed to be the heartofan «* Data rates to several Megabaud 

FSK modem. (Tne NE5081 is the receiver © Half or full duplex operation 
chip.) The chips are compatible with the e Jabber function on chip 

IEEE 802.4 standard for a “Single Channel 

Phase-Continuous-FSK Bus.” The specifi- APPLICATIONS | 

cations shown in this data sheet are those e Local Area Networks 


N PACKAGES 


OSC 1 


| JABBER FLAG [2 | 
JABBER ryy 


guaranteed when the transmitter is tuned e Point-to-point communications sea re 
for the frequencies given in the 802 stan- e Factory automation ageae 
dard. However, both the NE5080 and the ¢ Process control care tes 


NES081 may be used at other frequencies. e« Office automation 
The ratio of logic high to logic low frequen- 

cies remains fixed at 1.67 to 1.00 at any center 

frequency. 


Fsk ouTPUT [6 | 
CABLE GND [7] 


TOP VIEW 


ORDER NUMBER 
NES5O0B80N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL & PARAMETER 


RATING ~=—s|_—sOUUNIT_—s=*” 


Voc 

Supply Voltage Vee. +6 

Input Voltage Range (Data, Gate) ~0.3 to + Veco 

Power Dissipation 800 

Operating Temperature Range Oto +70 

Max Junction Temperature + 150 

Storage Temperature Range  -65to +150 
300 


Lead Temperature (soldering, 10 sec) 


CE 


BLOCK DIAGRAM 


- 500 9——4 
eeaeane Sane: 1 Sea sepidindel becsccias ake z 


1 VOLTAGE | 
| REGULATOR 


| CURRENT 

| CONTROLLED 

1 OSCILLATOR [| 

| TRIANGLE | JaBBER 40 b> —-}-——O JABBER FLAG 
| _ TO SINE | contro = L___ 13 

| CONVERTER | ro 


C4 
meres Peter |: = TRANSMITTER 
: OUTPUT [| > FSK OUTPUT 
TRANSMIT 65 BUFFER |—— : 
=< CABLE GND 
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LINEAR LSI PRODUCTS 


HIGH SPEED FSK MODEM TRANSMITTER 


NES5080 


GENERAL DESCRIPTION 

The NE5080 is designed to transmit high 
frequency asynchronous data on coaxial 
cable, at rates from DC to 2 Megabaud 
(see note 1). The chip accepts serial data 
and transmits it as a periodic signal whose 
frequency depends on whether the data is 
high or low. 


The device is meant to operate at a fre- 
quency of 6.25MHz for a logic high and 
3.75MHz for a logic low (see note 2). The 
frequency is set up by external trimming 
components; however, the ratio of the 
high and low frequencies is set internally 
and cannot be altered. 


The FSK output can be turned off by use of 
the transmit gate pin. When turned off, the 
transmitter has a high output impedance and 
the oscillator is disabled. 


The length of time a transmitter can 
transmit can be controlled by the use of 
the Jabber control pin (see description of 
Jabber Control Pin). 


Jabber Control Pin 

During the time the transmitter is transmit- 

ting, this pin sources a current. This current 

can be used to set the maximum time that the 
transmitter can be on. There are three 
options that can be used: 

1. Use the current to charge a capacitor. 
When the voltage across the cap gets to 
approx. 1.4V the transmitter will turn off. A 
logic low applied to pin 3 will reset the 
Jabber function; an open collector output 
should be used for this purpose. A logic 
high applied to the pin will disable the 
transmitter. 

2. Use to externally sense the current and 
have external circuitry to control the 
length of time the transmitter is on. 


NE5080 PIN FUNCTION 


Os 


frequency 


control function 


function 
Vec,— voltage supply 


a logic high will disable it 
TRANSMITTER FSK OUTPUT 


to this pin and to Pin 11 


No Connection 
No Connection 


the carrier frequencies. 


DATA INPUT 


3. The pin can be tied to ground and is then 
not active. Transmission is then controlled 
solely by the signal at the transmit gate pin. 


Jabber Flag Pin 

This pin will go to a logic high when the 
Jabber Control pin is used to shut off the 
transmitter. It will latch and can be reset 
by applying a logic low to the Jabber 
Control pin. 


OSC 1—one end of an external capacitor used to set the carrier 


JABBER FLAG—this pin goes to a logic high if the transmitter 
attempts to transmit for a longer time than allowed by the Jabber 


JABBER CONTROL—used to control transmit time. See note on Jabber 


TRANSMIT GATE—a logic low on this pin will enable the transmitter: 


CABLE GROUND—the shield of the coax cable should be connected 


Vec,—Connect to pin 4 close to device 


GROUND 2—connect to Analog ground close to device 
OSC 3—a variable resistor between this point and ground is used to set 


GROUND 1—connect to Analog ground close to device 


REGULATOR BYPASS—a bypass capacitor between this pin and Voc> : 
is required for the internal voltage regulator function 


OSC 2—one end of a capacitor that is between pin 1 and pin 16 and is 
used to set the carrier frequency 


Notes: 

1. The NE5080 is capable of transmitting up 
to 1 Megabaud of differential Manchester 
code at a center frequency of 5MHz. 

2. Although the chip is designed to meet the 
requirements of IEEE standard 802.4 
(Token-Passing Single Channel Phase- 
Continuous-FSK Bus), it can be used at 
other frequencies. See ‘Determining 
Component Values.” 
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LINEAR LSI PRODUCTS 


HIGH SPEED FSK MODEM TRANSMITTER ts " NE5080 


ELECTRICAL CHARACTERISTICS Vcc, = 4.75-5.25V Ta =0°C to +70°C 


Output Impedance (gated on) 


Output Capacitance 


Data Input 
| Logic High Input high voltage 
Logic Low Input low voltage 
Input Current | Vin=2.4V 
Input Current Vin=0.4V 


Transmit Gate 7 
Logic High Input high voltage 
Logic Low Input low voltage 
Input Current VG=2.4V 
Input Current VG =0.4V 


Jabber Flag 
Logic High JOH = —400yA 
Logic Low IOL=4.0mMA 
Jabber Control! 


Logic High Input high voltage 
Logic Low Input low voitage 


NOTE 
(1) Tuned per instructions in Applications section. 


AC ELECTRICAL CHARACTERISTICS 
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LINEAR LS! PRODUCTS 


HIGH SPEED FSK MODEM TRANSMITTER NES080 


TIMING DIAGRAMS 


TRANSMITTER 
GATE 


l 
l—t—Ts—i VALID DATA 


JABBER CONTROL Teas 
DATA INPUT | 


| 
OUTPUT 
Figure 1. Set-up Time, Ts N\A 


| 
Figure 4. Delay Time, T, 


DATA INPUT 


Fy Fo Fy 


JABBER CONTROL | 
Figure 2. Delay Time, T, 


JABBER FLAG 


TRANSMITTER 
GATE Tp | 


| Figure 5. Delay Time, Tp 
| 


Figure 3. Delay Time, T, 
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DESCRIPTION FEATURES 

The NE5081 is the receiver chip of atwo e Meets IEEE 802.4 standard 

chip set designed to operate as an FSK_—se:- Data rates to several Megabaud 
modem (the NE5080 is the transmitter e¢ Half or full duplex operation 
Chip). The chips are compatible with the ¢ Low bit rate error (10-12 typical) 
IEEE 802.4 standard for a “Single Channel 

Phase-Continuous-FSK Bus.” The specifi: APPLICATIONS 

cations given In this data sheet are those e Local Area Networks 
guaranteed when the receiver Is tuned to e Polnt-to-point communications 
the frequencies in the 802 standard. e Factory automation 

However, the receiver will work at other ¢ Process control 

frequencies. ==. © Office automation PE EOHENGIDING 


LEVEL DETECTION 
73] INPUT LEVEL 
DETECT 


12] DIGITAL GND 
144] DATA OUTPUT 


ABSOLUTE MAXIMUM RATINGS T, = 25°C 


SYMBOL & PARAMETER RATING UNIT 


Supply Voltage yoo +6 
CC2 


Input Voltage Range —0.3 to +Voo 
Output (Data, Level Detect) 

Max Sink Current 20 
Power Dissipation 800 
Operating Temperature Range 0 to +70 
Storage Temperature Range - —65 to + 150 
Lead Temperature (soldering, 10 sec) 300 
Max Differential Voltage between 100 

Analog and Digital Grounds 


TOP VIEW 


ORDER NUMBER 
NE5081N 


BLOCK DIAGRAM 
Note: Either 


c 
Ci2 Lior C7is 
bi variable. 


| sale ale 2CT 


| 1. = | 
FSK INPUT ,, 19 
MULTIPLIER 


14 LOW PASS — 
FILTER 
| |_| 
1 
© OUTPUT DATA 


BUFFERS 10 INPUT 


/ LEVEL FLAG 
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LINEAR LSI PRODUCTS 


HIGH SPEED FSK MODEM RECEIVER 


NESO84 


GENERAL DESCRIPTION 

The NE5081 will accept an FSK encoded 
signal and provide the demodulated digital 
data at the output. It is optimized to work at 
frequencies specified in IEEE 802.4 
(Token-Passing Single Channel Phase- 
Continuous FSK Bus) i.e., 3.75MHz and 
6.25MHz. However, It will work at other 
frequencies (see note 1). 


Its normal acceptable input signal level range 
is from 16mV RMS to 1V RMS. (This can be 
adjusted, see note 2 below.) 


The receiver will yield an undetected ‘Bit 
Error Rate” of 10-9 or lower when receiving 
signals with a 20dB signal-to-noise ratio. It 
has a maximum output Jitter of +40nSec 
(see definition of “Jitter” note 3). 


Notes: 

1. The receiver can be tuned to accept diffe- 
rent frequencies by adjustment of the LC 
circuit shown in Fig. 7. However, the ex- 
ternal components have been optimized 
for 3.75MHz and 6.25MHz. See “Deter- 
mining Component Values” for use at 
other frequencies. 

2. Input Level Detect 
This is a method of turning off the output 
of the receiver when the input signal falls 
below an acceptable level. This levei is 
adjustable within the range given in the 
electrical specification section. The pur- 
pose of this function is to minimize the 
effect of noise on receiver performance 
and to indicate when there is an accepta- 
ble signal present at the input. All specifi- 
cations given in this data sheet are with 
the input level detection set at 16mV RMS. 

3. Jitter Definition 
This is a measure of the ability of the 
receiver to accurately reproduce the 
timing of its FSK coded digital input. The 
spec indicates the error band in the timing 
of a logic level change. 


> Gh 


Oon Dm OM 


10 


11 


12 


13 and 
14 


15 


16 


17 
18 


19 
20 


NE5081 PIN FUNCTION 


FUNCTION 

Vec,—~ shouid be connected to the 5 volt supply and pin 9 

CT—one end of an external capacitor that is used to tune the receiver 

LT—one end of an inductor that is used to tune the receiver 

MT-—the junction of the capacitor and inductor used for tuning the 
receiver 

F2 

F1 | Pins 5, 6, 7, 8 are used for a low pass filter to remove carrier 

F3 | harmonics from the data output 

F4 

Vec,—connect to Pin 1 (see Pin 1 function) close to the device 

INPUT LEVEL FLAG—this pin is used to indicate when there is a signal 
at the input that is greater than the level set by the input level 
detection circuitry. A logic high indicates an input greater than the 
set levei 

DATA OUTPUT—supplies T°L level data that corresponds to 
the FSK input received 

DIGITAL GROUND—should be connected to digital ground 


INPUT LEVEL DETECT—These pins are used to set the ievel of input signal 
that the device will accept as valid 

INPUT DETECTION TIMING—an external capacitor between this pin and 
ground is used to determine the time from carrier turn-off to output 
disable 

INPUT DETECTION TIMING—same as pin 15, except that a resistor goes 
between this pin and ground. The values of the C and R depend on 
the carrier frequency. The values given in this data sheet are fora 
5MHz carrier center frequency 

ANALOG GROUND—connect to analog ground close to the device 

INPUT BYPASS—A capacitor between this pin and ground is used to bypass 
the input bias circuitry 

INPUT—the FSK signal from the cable goes to this pin 


NO CONNECTION 
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LINEAR LSI PRODUCTS 


HIGH SPEED FSK MODEM RECEIVER NE5084 


ELECTRICAL CHARACTERISTICS Vcc 12 4.75-5.25V. External LC circuit tuned to 5MHz. Input level detect. 


set at 16mV Rms, Ta = 0°C to +70°C. . 


| PARAMETER SYMBOL TEST CONDITIONS 
Lo a, ee ee 


Logic Low Frequency Ba <a External LC tuned to 5MHz 3.75 MHz 


Fo 
Lagic High Frequency External LC tuned to 5MHz 


Minimum input level that is detected as 
Minimum Input Detect Level INo- carrier. See Note 2 in General Description 


LOGIC LEVELS: a 
Data Output lol = 4.0MA Vin>16mV RMS Freq= Fo - 
Data Output lon = — 400uA Vin>16mV RMS Freq = Fy, 
Data Output lon = — 400uA Vin<5mV RMS Freq = Fy 


Input Detect Flag lop = 4.0MA Vin = OV RMS 


lon = — 400pA Vin > 16MV 
Supply Current loc Vin = 1.0V RMS Freq=F, or Fp 
Bit Error Rate 


maximum in-band noise= 1.6mV RMS 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL & PARAMETER TO TEST CONDITIONS 
ee! | ee | ner ee ee 
Input Level | 
Delay Time Tp Detect Flag Figure 1 0.05 4 ps 
Input Level 
| Delay Time To | Detect Flag Input Off Figure 1 1.5 


bashtuad UNIT 


Output 
Delay Time Tp Enabled Input On Figure 2 
— Qutput 
Delay Time Te Disabled - Input Off Figure 2 : 
Carrier Valid Data 
Required Delay Turn Off End 2 
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LINEAR LS! PRODUCTS 


HIGH SPEED FSK MODEM RECEIVER 


NES0841 


TIMING DIAGRAMS 


16mV RMS 


INPUT LEVEL 
DETECT OUTPUT 


Figure 1. Delay Time, Tg, Tc 


Fo, F1  16mV RMS 


i ae 
1p ie) 


VALID DATA 
DATA OUTPUT 


Figure 2. Delay Time, Tp, Te 
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LINEAR LSI PRODUCTS 


PHASE-LOCKED LOOPS—SYMBOLS AND DEFINITIONS 


Absolute Maximum Rating 


Operating safe zones exceeding these limits could causé perma- 
nent damage to the device and are not meant to imply that 
devices can operate at these limits. 


Capture Range (2f,, 2w,)** 


Although the loop will remain in lock throughout its lock range, 
it may not be able to acquire lock at the tracking range extremes 
because of the selectivity afforded by the low-pass filter. The 
capture range also is centered at f,’ with the equal deviations 
called the Lock-in or Pull-in Ranges. The capture range can never 
exceed the lock range. 


Closed Loop Gain (CLG) 
The output signal frequency and phase can be determined from 
a product of the CLG and the input signal where the CLG Is given 
by 
clas —~ 

~ 1+Ky 
Damping Factor (5) 
The standard damping constant of a second order feedback 
system. For the PLL, ¢ refers to the ability of the loop to respond 
quickly to an input frequency step without excessive overshoot. 


(Equation 1.4) 


Free-Running Frequency (f,', wo’) 

Also called the center frequency, this is the frequency at which 
the loop VCO operates when not locked to an input signal. The 
“prime” superscripts are used to distinguish the free-running 
frequency from f,’ and w,’ which are used for the general oscil- 
lator frequency. (Many references use f,’ and w,’ for both the 
free-running and general oscillator frequency and leave the prop- 
er choice for the reader to infer from the context). the ap- 
propriate units for f,’ and w,’ are Hz and radians per second 
respectively. 


Lock Range (2f,, 2w,)* 

The range of frequencies over which the loop will remain in lock. 
Normally the lock range is centered at the free-running fre- 
quency unless there is some nonlinearity in the system which 
limits the frequency deviation on one side of f,’. The deviations 
from f,’ are referred to as the Tracking Range or Hold-in Range. 
(See figure 1.6.) The tracking range is therefore one-half of the 
lock range. 

Lock-Up Time (t, )*** 

The transient time required for a free-running loop to lock. This 
time depends principally upon the bandwidth selectivity de- 
signed into the loop with the low-pass filter. The lock-up time is 
inversely proportional to the selectivity bandwidth. Also, lock-up 
time exhibits a statistical spreading due to random initial phase 
relationships between the input and oscillator phases. 


Loop Gain (K,) 

The product of Ky, K,, and the low-pass filters gain at dc. Kg is 
evaluated at the appropriate input signal level and K, at the ap- 
propriate w,’. K, has units of (sec)~ 1. 
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Loop Noise Bandwidth (B_) 

A loop property relating w, and r which describes the effective 
bandwidth of the received signal. Noise and signal components 
outside this bandwidth are greatly attenuated. 


Natural Frequency (w,) 

The characteristic frequency of the loop, determined mathe- 
matically by the final pole positions in the complex plane or 
determined experimentally as the modulation frequency. for 
which an underdamped loop gives the maximum frequency 
deviation from f,’ and at which the phase error swing Is the 
greatest. 


Package Type Designation 
See full package designations in Appendix. 


Phase Comparator Conversion Gain (K,) 

The conversion constant relating the phase comparators output 
voltage to the phase difference between Input and VCO signals 
when the ijoop /s locked. At low input signal levels, Ky is also a 
function of signal amplitude. Ky has units of volts per radian 
(V/rad). 


Power Dissipation 

The power that the device can safely handle at 25°C. The dissi- 
pation must be derated as Indicated for the individual package 
type. 

Ta | 

Ambient temperature range. Range of the surrounding environ- 
ment of the operating device. 


Ty 
Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 


Tsou 

Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor- 
mally specified for a duration of 10 sec). 


Tsta 
Storage temperature range. Temperature range that the device 
can be stored in a non-operating condition. 


Truth Tables 


0 is logic level low 

1 is logic level high 

X — don’t care condition — has no effect under circuit condi- 
tions listed. 


“Also called Synchronization Range. 
**Also called Acquisition Range. 
***Aiso called Acquisition Time. 
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DESCRIPTION 


The NE564 Is a versatile, high guaranteed 
frequency Phase Locked Loop designed 
for operation up to 50MHz. As shown in 
the block diagram, the NE564 consists of 
a VCO, limiter, phase comparator, and 
post detection processor. 


APPLICATIONS 

¢ High speed modems 

FSK receivers and transmitters 
Frequency synthesizers 

Signal! generators 

Various satcom/TV systems 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Supply voltage 

Pin 1 

Pin 10 
Power dissipation 
Operating temperature 
Operating temperature 
Storage temperature 


NE 
SE 


NOTE: 


FEATURES 


e@eeeesee ®@ 


Operation above 5 voits will require heatsinking of the case. 


BLOCK DIAGRAM 


Operation with single 5V supply 

TTL compatible inputs and outputs 
Guaranteed operation to 50MHz 
External loop gain control 

Reduced carrier feedthrough 

No elaborate filtering needed in FSK 
applications 

Can be used as a modulator 

Variable loop gain (Externally 
Controlled) 


LOOP GAIN 
CONTROL | 2 | 


INPUT TO PHASE 
COMPARATOR | 3 | 

FROM VCO 
LOOP FILTER | 4 | 
LOOP FILTER | 5 | 
FM/RE INPUT | 6 | 


BIAS FILTER 


PIN CONFIGURATION 
D, |, N PACKAGE 


115] HYSTERISIS SET 
114] ANALOG OUTPUT 
113] FREQ. SET CAP. 
112] FREQ. SET CAP. 


111] VCO OUTPUT #2 


[9] VCO ouTPUT TTL 


TOP VIEW 


ORDER NUMBERS 


NE/SE564I 


RATING 


14 
6 
600 
0 to 70 
—-55 to +125 
—-65 to 150 


RETRIEVER 


POST DETECTION 
PROCESSOR 


NE/SE564N 
NE564D 
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ELECTRICAL CHARACTERISTICS Voc = 5V, Ta= 25°C, fy = 5MHz, Ip= 400A unless otherwise specified 
| NE564 


Socbinaibs | TEST peas | UNIT | 


Input = 200mMVrms T, = 25°C 


Lock range 


> 200mVrms, Ro = 272 


Capture range 


Input 


VCO frequency drift with f,= 5MHz, Ta = — 55°C to 125°C 
temperature =0°C to 70°C 
f, = 500KHz, T,a = — 55°C to 125°C 
=0°C to 70°C 


VCO free running frequency C, =91pF 


Re = 1000 “internal” 


| VCO frequency change with Voc = 4.5V to 5.5V 
supply voltage 


Demodulated output voltage Modulation frequency: 1KHz 
f, = 5MHz, input deviation: 
2%T = 25°C 
1%T=25°C 
=0°C 
= 55°C 
= 70°C 
= 125°C 
Distortion Deviation: 1% to 8% 
Signai to noise ratio Std. condition, 1% to 10% dev. 
AM rejection Std. condition, 30% AM 
Demodulated Output at Modulation frequency: 1KHz 
operating voltage | f, = 5MHz, input deviation: 1% 
Voc = 4.5V 7 12 
Voc = 5.5V 8 14 
Supply current Voc = 5V 14, tao | 45 
Output 
1” output leakage current Vour = 5V, Pin 16, 9 1 
“0” output voltage lour = 2mA, Pin 16, 9 0.3 
lour = 6MA, Pin 16, 9 0.4 
TYPICAL PERFORMANCE CHARACTERISTICS 


LOCK RANGE vs SIGNAL INPUT VCO CAPACITOR vs FREQUENCY 


Ls 

Q 

ws vco 
z OUTPUT 
ed 

@ 

& iNPUT C3 

3) o— }-—~ 


INPUT SIGNAL LEVEL—mV 


1 1 10 10? 103 10* 108 
FREQUENCY kHz 


i i 
07 08 09 10 141 #42 «212.3 
NORMALIZED LOCK RANGE 
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SE/NE564 


asa enmne tapm  pmatte msana 


NORMALIZED VCO FREQUENCY 


BIAS CURRENT (.:A), PIN 2 


VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 
AND BIAS CURRENT (Kp) 


V, - PHASE COMPARATOR’S 
| OUTPUT VOLTAGE IN mV 


| f, = 1.0MHz 

— feag = 400KA A laiss = 200UA | 
larag & S00uF > Layag = OKA 

400 + if : | 
Mir 

200 + Bs fy 


ERROR IN 


- 200 DEGREES 


- 400 
~ 600 


- 800 


TYPICAL NORMALIZED VCO TYPICAL NORMALIZED VCO NORMALIZED VCO FREQUENCY 
FREQUENCY AS A FUNCTION OF FREQUENCY AS A FUNCTION OF AS A FUNCTION OF TEMPERATURE 
PIN 2 BIAS CURRENT PIN 2 BIAS CURRENT 


-600KA -400  —200 0 +200 _ 600.4 —400 —200 


BIAS CURRENT (,,A), PIN 2 TEMPERATURE (IN °C) 


0-PHASE | 


AACR A A OOO AOI LI PO he 


NORMALIZED YCO FREQUENCY 


FREQUENCY: 500 KHz 
BIAS CURRENT: — 200A 


+200 +400 ~650 ~25 6) 25 50 75 100 125 


VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (Ko) 


VCO FREQUENCY 
IN MHz 


= 800A 


+ 1.6 vi leas 
/ ,] | 


pias = O#A 
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FUNCTIONAL DESCRIPTION 
(figure 1) 

The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op- 
timized device geometries extends the fre- 
quency of operation to greater than S5OMHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 


The output voltage of the PLL can be written 
as shown in the following equation: 


(fin ~ fo) 


Va = Equation 1 
2 Kvco 

KyCo = Conversion gain of the VCO 

fin = frequency of the input signal 

fo = free running frequency of the VCO 


The process of recovering FSK signals in- 
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 


EQUIVALENT SCHEMATIC 
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avoid the use of complicated filters, a com- 
parator with hysteresis or Schmitt trigger is 
required. With the conversion gain of the 
VCO fixed, the output voltage as given by 
Equation 1 varies according to the frequen- 
cy deviation of fin from fo. Since this differs 
from system to system, it is necessary that 


the hysteresis of the Schmitt trigger be ca- 


pable of being changed, so that it can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the voit- 
age at pin 15 which results in a change of 
the: hysteresis of the Schmitt trigger. 


For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the devi- 
ation in fj, itself may be less than the 
change in fg due to temperature. This effect 


Figure 1 


can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 


VCO Section 


Due to its inherent high frequency perform- 
ance, an emitter coupled oscillator is used in 
the VCO. In the circuit, shown in the equivalent 
schematic, transistors Q>, and Q5, with current 
sources Qo5—Qzg form the basic oscillator. 
The approximate free running frequency of the 
oscillator is shown in the following equation: 


1 
22 Ro (C; +Cs) 
Re = Ry9 = Rog = 100!) (INTERNAL) 


C; = external frequency setting capacitor 
Cs = Stray capacitance 


oo Equation 2 


Variation of Vg (phase detector output volt- 
age) changes the frequency of the oscilla- 
tor. As indicated by Equation 2, the frequen- 
cy of the oscillator has a negative 


“TE, 


149 
DC RETRIEVER 1 y 


SCHMITT TRIGGER 
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temperature coefficient due to the positive 
temperature coefficient of the monolithic re- 
sistor. To compensate for this, a current Im 
with negative temperature coefficient is in- 
troduced to achieve a low frequency drift 
with temperature. 


Phase Comparator Section 

The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in Qg and Q45 which 


FM INPUT 


fc = 5MHz 
tm = kHz 


0.47uF 


meee 


0.01uF 


1K 


Figure 3 


a OO SO 


FM DEMODULATOR AT 5V 


ji LOCK RANGE ADJUSTMENT 


Figure 2 


FM DEMODULATOR AT 12V 


fo - SMHz 
FREQUENCY SET CAP 


| cimaaen ape tepnmmaens ean teinanapoe anata hendataeerapteeneaeaareremeantannasnannnetes tameaanasnseatanwanamaemaene maemncteneaaaaean acemeeeanaa armas trae ateaedeeaaennmeeh amiataeeneannnimbaede remnaaeeeheea ee oereaeaeer tesa ae nT rene eT cen SOE nD ee REVO OY 


effectively changes the gain of the differen- 
tial amplifiers. This can be accomplished by 
introducing a current at pin 2. 


Post Detection Processor 


Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator The amplifier can be used as a 
dc retriever for demodulation of FSK sig- 
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad- 
justable hysteresis so that phase jitter in the 
output signal can be eliminated. 


0.01 uF 


= LOOP FILTER 
0.01 uF 


— 


I LOCK RANGE ADJUSTMENT 


MODULATING 
INPUT 
IkHz 

0.47uF 


tkHz o-—{ |—- 


ere cmiaachnendalananmmnantenaienentaeumamainonaneanton comm teneesammananthemeaniadaneaettenae al 


As shown in the equivalent schematic, the 
dc retriever is formed by the transductance 
amplifier Q4o-Qq43 together with an exter- 
nal capacitor which is connected at the am- 
plifier output (pin 14). This forms an integra: 
tor whose output voltage is shown in the 
following equation: 


Vo Vint Equation 3 
“ 

Om = transconductance of tne amplifier 

Co = capacitor at the output (pin 14) 

Vin = Signal voltage at amplifier input 


With proper selection of Co, the integrator 
time constant can be varied so that the out- 
put voltage is the dc or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 


The comparator with hysteresis is made up 
of Qag—~Q50 with positive feedback being 
provided by Q47-Qyg. The hysteresis is 
varied by changing the current in Qs9 with a 
resulting variation in the loop gain of the 
comparator. This method of hysteresis con- 
trol, which is a dc control, provides symmet- 
ric variation around the norninal value. 


Design Formula 
The free running frequency of the VCO is 
shown by the following equation: 


4 
as 25 AeiC;y + Ca) Equation 4 
Re = 1002 
Cy = external cap in farads 
Gs = stray capacitance 


FINE FREQUENCY 
ADJUSTMENT 


oe 


an 


FREQUENCY SET CAP 


| MODULATED OUTPUT 
(TTY 
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The loop filter diagram shown is expiained 
by the following equation: 


1 
= ———__— (First Ord Equation 5 
F(s) ; SRG, | ir rder) quati 


1 
R = Rip = Ryg = 1.3k2 (INTERNAL)* 


By adding capacitors to pins 4 and 5, a pole is 
added to the loop transfer function at 
1 
RC3. 
“Refer to Figure 1. 


APPLICATIONS 


FM DEMODULATOR 

The NE564 can be used as an FM 
demodulator. The connections for operation 
at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci- 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be 1% or higher. 


FSK 
INPUT 


+$v © 


5-68 


MODULATION TECHNIQUES 

The NE564 phase locked loop can be modu- 
lated at either the loop filter ports (pins 4 
and §) or the input port (pin 6) as shown in 


figure 4. The approximate modulation fre- 


quency can be determined from the frequen- 
cy conversion gain curve shown in figure 5. 
This curve will be appropriate for signals 
injected into pins 4 and 5 as shown in 
figure 4. . 


FSK Demoduilation 

The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter- 
nal voltage comparator and VCO which have 
TTL compatible inputs and outputs, and it 
can operate from a single 5 volt power sup- 
ply. Demodulated dc voltages associated 
with the mark and space frequencies are 
recovered with a single external capacitor in 
a de retriever without utilizing extensive fil- 
tering networks. An internal comparator, 
acting as a Schmitt trigger with an adjust- 
able hysteresis, shapes the demodulated 
voltages into compatible TTL output levels. 
The high frequency design of the 564 en- 
ables it to demodulate FSK at high data 
rates in excess of 1.0M baud. 


10.8MHz FSK DECODER USING THE 564 


+ 
0.22 22uF 
Ter T 
HYSTERESIS 
ADJUST 


Figure 5 


_ Figure 5 shows a high-frequency FSK. de- 


coder designed for input frequency devi- 
ations of + 1.0MHz centered around a free- 
running frequency of 10.8MHz. The value of 
the timing capacitance required was esti- 
mated from figure 8 to be approximately 
40pF. A trimmer capacitor was added to fine 
tune fo’ to 10.8MHz. : 


The lock range graph indicates that the 
+ 1.0MHz frequency deviations will be within 
the lock range for input signal levels greater 
than approximately 50mV with zero pin 2 bias 
current. While strictly this figure is appro- 
priate only for 5MHz, it can be used as a 
guide for lock range estimates at other f,’ 
frequencies. 


The hysteresis was adjusted experimentally 
via the 10kQ potentiometer and 2kQ bias ar- 
rangement to give the waveshape shown in- 
figure 7 for 20K, 500K, 2M baud rates with 
square wave FSK modulation. Note the mag- 
nitude and phase relationships of the phase 
comparators output voltages with respect to 
each other and to the FSK output. The high 
frequency sum components of the input and 
VCO frequency also are visible as noise on 
the phase comparators outputs. 
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF 


(a) 20K BAUD 


Se apapanan 
NNN 


NOTE 

Top trace-pin 4 
Center trace-pin 5 
Bottom trace-pin 16 


OUTLINE OF SETUP PROCEDURE 


1. Determine operating frequency of the 
VCO -—. 
if +N in feedback loop, then 
fo=N X fin. 
2. Calculate value of the VCO frequency 
set capacitor: 
1 


2500 f, 


3. Set Ip (current sinking into Pin 2) for 
' = 100zA. After operation is obtained, this 
value may be adjusted for best dynamic 

~ . behavior. 

4. Check VCO output frequency with digi- 
tal counter at Pin 9 of device (ioop open, 
VCO to ¢ det.). Adjust Co trim or fre- 
quency adj. Pin 4-5 for exact center fre- 
quency if needed. 

5. Close loop and inject input signal to Pin 
6. Monitor Pin 3 and 6 with two channel 
scope. Lock should occur with Ads. 
equal to 90° (phase error). 


Co = 


7. The input signal to Pin 6 and the VCO 


8. For multiplier circuits where phase jitter 


(c) 2.0M BAUD 
Figure 6 


6. If pulsed burst or ramp frequency is 
used for input signal, special loop filter 
design may be required in piace of sim- 
ple single capacitor filter on Pin 4 and 5. 
(See PLL application section in Analog 
Manual.) 


feedback signal to Pin 3 must have a 
duty cycle of 50% for proper operation 
of the phase detector. Due to the nature 
of a balanced mixer if signals are not 
50% in duty cycle, D.C. offsets will 
occur in the loop which tend to create an 
artificial or biased VCO offset. 


is a problem, loop filter capacitors may 
be increased to a value of 10-50uF on 
Pin 4, 5. Also careful supply decoupling 
may be necessary. This includes the 
counter chain Vc¢ lines. 


p fom fm Tbe | td 
ANSANSNANAN 
SER eh SESE 
Fn \/ 
mand 
See SR ERREE 


(b) 500K BAUD 


a On Om 
mend 


Jor] 


NE564 


PHASE LOCKED FREQUENCY 


MULTIPLIER WITH VCXO 


+ 5V 
BIAS ADJUST Oo 


XTAL 


f= Nxfy 
{-*}- 


Figure 7 


*For additional information, consult the Applications Section. 
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DESCRIPTION 


The SE/NE565 Phase-Locked Loop (PLL) is 
a self-contained, adaptable filter and de- 
modulator for the frequency range from 


0.001Hz to 500kHz. The circuit comprises a — 


voltage-controlied oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 


in the block diagram. The center frequency | 


of the PLL is determined by the free-running 
frequency of the VCO; this frequency can be 
adjusted externally with a resistor or a ca- 
pacitor. The low-pass filter, which deter- 
mines the capture characteristics of the 
loop, is forrned by an internal resistor and an 
external capacitor. 


FEATURES 


¢ Highly stable center frequency 
(200ppm/°C typ.) 

e Wide operating voltage range (+6 to +12 
volts) 

® Highly linear demodulated output (0.2% 
typ.) 

® Center frequency programming by 
means of a resistor or capacitor, voltage 

_ or current 

e TTL and DTL compatible square-wave 
output; loop can be opened to Insert 
digital frequency divider 

® Highly linear triangle wave output 

® Reference output for connection of com- 
parator In frequency discriminator 

° Bandwidth adjustable from < +1% to 
> £60% 

® Frequency adjustable over 10 to 7 range 
with same capacitor 


APPLICATIONS 


Frequency shift keying 

Modems 

Telemetry recelvers | 

Tone decoders 

SCA receivers 

Wideband FM discriminators 

Data synchronizers 

Tracking filters 

Signal restoration 
Frequency multiplication & division 


NOTES: 

1. SOL -~- Released in large SO package oniy. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinout. 
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PIN CONFIGURATIONS 
F,N PACKAGE 


VCO OUTPUT [7] 


PHASE 
COMPARATOR [5 | 
VCO INPUT 


“ EXTERNAL C 
FOR VCO 


ré] EXTERNAL R 
aud FOR VCO 
TOP VIEW 
ORDER NUMBER 
SE/NES65SEN 


Maximum operating voltage 
input voltage 
Storage temperature 
Operating temperature range 
NE565 
SES65 
Power dissipation 


BLOCK DIAGRAM 


1 


V- Cy FREQUENCYSETTING VCO 
CAPACITOR 


ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified. 


| PARAMETER | 


mane fe 3 3 ie |4_ a 


PHASE INPUT INPUT 
OUTPUT COMPARATOR 


2 me nes COU RL WANN RAINY A PCO AC MEIRLARCICIY 2 ARLEN 


SE/NES65 


Dp? PACKAGE 


PHASE 
COMPARATOR [5 | 
VCO INPUT - 


REFERENCE | DEMODULATED 
OUTPUT mal Sheet 2! ourpur 
TOP VIEW 
ORDER NUMBER 
NE565D 


RATING 
ee 
3 
-65 to +150 


0 to +70 
-55 to +125 
300 


C2 


7 © DEMOD. OUTPUT 
penne) REF, OUTPUT 


aed Ce ee ee i ee 


6 REFERENCE 


es ee cece 


l2@sianal 3 SIGNAL 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +6V unless otherwise specified. 


PARAMETER TEST CONDITIONS ae UNIT 
ree | mrveren _befsetaata itm 


SUPPLY REQUIREMENTS 
Supply voltage 
Supply current 


INPUT CHARACTERISTICS 
input impedance! 
Input level required for 
tracking 
VCO CHARACTERISTICS 
~ Center frequency 
Maximum value 
Distribution2 


fo = 50kHz, +10% 
frequency deviation 


Distribution taken about 
fo= 50kHz, Ri = 5.0kN, C1 = 1200pF 


Drift with temperature fo = 50kHz 200 ppm/°C 
Drift with supply voltage fo = 50kHz, Vcc = +6 to +7 volts 0.1 1.5 %/V 
Triangle wave 
Output voltage level 1.9 3 3 
% 
Logical “1” output voltage fo = 50kHz | +4.9] +5.2 +4.9 | +5.2 
eee “0” output voltage fo = 50kHz -0.2 | +0.2 ru 2 rs ace 


Linearity 
| Dutycyctle ff = 50KHz | 45 | 50 | 55 | 40, 


Square wave 


Output current (sink) 
Output current (source) 1G i: 
DEMODULATED OUTPUT CHARACTERISTICS 
Output voltage level 


Maximum voitage swing3 
Output voltage swing 

Total harmonic distortion 
Output impedance4 


Offset voltage (V6-V7) 
Offset voltage vs temperature (drift) 


Measured at pin 7 


+10% frequency deviation 


AM rejection 


NOTES 


1. Both input terminals (pins 2 and 3) must receive identical dc bias. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adjustment (R1) must have a value between 2k1) 
and 20k{). 

3. Output voltage swings negative as input frequency increases. 

4. Output not buffered. 
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Rise time 100 ener 
Fall time 200 
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TYPICAL PERFORMANCE CHARACTERISTICS 


POWER SUPPLY CURRENT 
AS A FUNCTION OF 


SUPPLY VOLTAGE 
F | Ry= FREQUENCY SETTING 
| RESISTOR 
i | 
a ad 
We 45] 
w i 
poe | 
{o) 
at 
a 
> 10] 
x 
Lid 
3 
(e) 
a 
10 14 18 22 26 
TOTAL SUPPLY VOLTAGE — V 
LOCK RANGE 
AS A FUNCTION OF 
GAIN SETTING RESISTANCE 
(PIN 6-7) 
_ 1 
| 
> | 
> 
phe 
2 1 
fw 
coed 
© 


RELATIVE FREE-RUNNING FREQUENCY — f, 


DESIGN FORMULAS 
(See Figure 1) 


. 1 
Free-running frequency of VCO: fo= ae 


in Hz 
104 


8fo . 
Lock-range: fi = + ——— in Hz 
Vcc 


1 erft 
Capture-range: fo = + —— 
21 T 


where 7 = (3.6X103) X Co 


TYPICAL APPLICATIONS 
FM Demodulation 


The 565 Phase Locked Loop is a general 
purpose circuit designed for highly linear 
FM demodulation. During lock, the average 
dc level of the phase comparator output 
signal is directly proportional to the fre- 
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the VCO to shift its frequency 
to match that of the input. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 
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VCO CONVERSION GAIN 


0.5 | 


NORMALIZED FREE-RUNNING FREQUENCY 


05 #10 75 20 25 3.9 
VOLTAGE BETWEEN PIN 7 AND PIN 10 — Vio-V7 


CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 
FUNCTION OF TEMPERATURE 


2.5 4 
© fs 
9 2.0 : 
g xe 1.5 
> | 1.0 
Zz > 

0.5 
25 0 
uy id 0 
2S 
Li tw -0.5 
2u cm 
c ~1.0 
o> 245 
:: 0 
Go ee 

~2.5 & 


-75-50~-25 0 258 §0 75 100 125 
TEMPERATURE -—~ °C 


Because of its unique and highly linear 
VCO, the 565 PLL can jock to and track an 
input signal over a very wide bandwidin 
(typically +60%) with very high linearity 
(typicaliy, within 0.5%). 


A typical connection diagram is shown in 
Figure 1. The VCO free-running frequency is 
given approximately by 
p= 712 
O~ 4R1C1 
the center of the input signal frequency 
range, C1 can be any value, but Ri should be 
within the range of 2000 to 20,000 ohms with 
an optimum value on the order of 4000 onms. 
The source can be direct coupled if the dc 
resistances seen from pins 2 and 3 are equal 
and there is no DC voltage difference 
between the pins. A short between pins 4 and 
5 connects the VCO to the phase comparaior. 
Pin 6 provides a DC reference voltage thai is 
close to the DC potential of the demodulated 
output (pin 7). Thus, if a resistance is con- 
nected between pins 6 and 7, ihe gain of the 
output stage can be reduced wiih little 
change in the DC voltage levei! ai the output. 
This allows the lock range to be decreased 


and should be adjusted to be at 
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LOCK RANGE 
AS A FUNCTION OF 
INPUT VOLTAGE 


INPUT — m¥ (p-p) 


4 L. 


NORMALIZED LOCK RANGE 


VCO OUTPUT 
WAVEFORM 


OUTPUT FIN 4 — V OUTPUT PIN § — ¥ 


with litte change in the free-running fre- 
quency. In this manner the lock range can be 
decreased from + 60% of f, to approximately 
+ 20% of f, (at + 6V). 


A small capacitor (typically 0.001 uF) should 
be connected between pins 7 and 8toelimi- 
nate possible oscillation in the control cur- 
rent source. 


A singie-poile loop filter is formed by the 
capacitor Ce, connected between pin 7 and 
the positive supply, and an internal resist- 
ance of approximately 3600 ohms. 


DEMODULATED 
O OUTPUT 


=O REFERENCE 
QUTPUT 


Figure 1 
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Frequency Shift Keying (FSK) 
FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the “0” and “1” 
states (commonly called space and mark) of 
the binary data signal. 


A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre- 
quency and tracks it between the two fre- 
quencies with a corresponding dc shift at 
the output. 


The loop filter capacitor C2 is chosen small- 
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo- 
nent from the output. The band edge of the 
ladder filter is chosen to be approximately 
half way between the maximum keying rate 
(in this case 300 baud or 150Hz) and twice 
the input frequency (approximately 
2200Hz). The output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen- 
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
fin = 1070Hz. 


The input connection is typical for cases 
where a dc voltage is present at the source 
and therefore a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to effect a 600- 
ohm input impedance). 


Frequency Multiplication 


There are two methods by which frequency 
multiplication can be achieved using the 
565: 


1. Locking to aharmonic of the input signal. 

2. Inclusion of a digital frequency divider or 
counter in the loop between the VCO and 
phase comparator. 


The first method is the simplest, and can be 
achieved by setting the free-running fre- 
quency of the VCO toa multiple of the input 
frequency. A limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. If the input frequency is to be 
constant with little tracking required, the 
loop can generally be locked to any one of 
the first 5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example of this might be 


Fsk © 
INPUT 


LOW PASS 


PHASE 
COMPARATOR FILTER AMPLIFIER 


Figure 3 


a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 


A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara- 
tor, and a frequency divider is inserted. The 
fundamental of the divided VCO frequency 
is locked to the input frequency in this case, 
so that the VCO is actually running at a 
multiple of the input frequency. The amount 
of multiplication is determined by the fre- 
quency divider. A_ typical connection 
scheme is shown in Figure 4. To set up the 
circuit, the frequency limits of the input 
signal must be determined. The free- 
running frequency of the VCO is then ad- 
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filter capaci- 
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt- 
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda- 
mental will be the desired multiple of the 
input frequency (fin) as long as the loop isin 
lock. 


SCA (Background Music) Decoder 


Some FM stations are authorized by the 
FCC to broadcast uninterrupted back- 
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency Is chosen so 
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Figure 4 


as not to interfere with the normal stereo or 


monaural program: in addition, the level of — 


the subcarrier is only 10% of the amplitude 
of the combined signal. 


The SCA signal can be filtered out and 
demodulated with the NE565 Phase Locked 
Loop without the use of any resonant cir- 


cuits. A connection diagram is shown in 


Figure 5. This circuit also serves as an 
example of operation from a single power 
supply. 


A resistive voltage divider is used to estab- 
lish a bias voltage for the input (pins 2 and 
3). The demodulated (multiplex) FM signal is 
fed to the input through a two-stage high- 
pass filter, both to effect capacitive coupling 
and to attenuate the strong signal of the 
regular channel. A total signal amplitude, 
between 80mV and 300mV, is required atthe 
input. Its source should have an impedance 
of less than 10,000 ohms. 


The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer; only ap- 
proximate tuning is required, since the loop 
will seek the signal. 


The demodulated output (pin 7) passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom- 
panies SCA transmission. Note that no ca- 
nacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to 7kKHz. 
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Figure 5 


*For additional information, consult the Applications Section. 
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DESCRIPTION 

The SE/NE 566 Function Generator is a volt- 
age controlied oscillator of exceptional linear- 
ity with buffered square wave and triangle 
wave outputs. The frequency of oscillation is 
determined by an external resistor and capac- 
itor and the voltage applied to the control ter- 
minal. The oscillator can be programmed over 
a ten to one frequency range by proper selec- 
tion of an external resistance and modulated 
over a ten to one range by the control voltage, 
with exceptional linearity. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Maximum operating voltage 
Input voitage 
Storage temperature 
Operating temperature range 
NES66 
SE566 
Power dissipation 


BLOCK DIAGRAM 


§ CURR 


FEATURES 


® Wide range of operating voitage 
(up to 24 voits) (single or dual) 

© High linearity of modulation 

e Highly stable center frequency (200 
ppm/°C typical) 

© Highly linear triangle wave output 

e Frequency programming by means of a 
resistor or capacitor, voltage or current 

e Frequency adjustable over 1C to 1 range 
with same capacitor 


APPLICATIONS 


Tone generators 
Frequency shift keying 
FM modulators 

Clock generators 
Signal generators 
Function generators 


RATING 
26 


-65 to +150 
0 to +70 


-55 to +125 
300 


MODULATION] 5 | SOURCES i. i 


GROUND 


PIN CONFIGURATIONS 
| D, N PACKAGE 


SQUARE WAVE 
OUTPUT 
TRIANGLE WAVE [3] 
OUTPUT 
TOP VIEW 
ORDER NUMBERS 
SE/NES66N NES66D 


F PACKAGE 


TRIANGLE 
WAVE 


TOP VIEW 
ORDER NUMBERS 
SE/NES66F 


5-75 


LINEAR LSI PRODUCTS 


FUNCTION GENERATOR - SE/NES66 


ELECTRICAL CHARACTERISTICS 1T,=25°C; Voc= + 6V unless otherwise specified. 


vinaiueis | sesee | NESee 


GENERAL 
Operating temperature range 


Operating supply voltage 
Operating supply current 


VCO! 
Maximum operating frequency 


Frequency drift with temperature 
Frequency drift with supply voltage 


Control terminal input impedance2 
FM distortion (£10% deviation) 


Maximum sweep rate 
Sweep range 


OUTPUT 
Triangle wave output 
Impedance 


Voltage 
Linearity 
Square wave input 

Impedance 


Voltage 
Duty Cycle 


Rise time 
Fall Time 


NOTES 


1. The external resistance for frequency adjustment (R1) must have a value between 2kN 
and 20K!). 

2. The bias voltage (Vc) applied to the control terminal (pin §) should be in the range 
3/4V* 2S Ve SV? 


TYPICAL PERFORMANCE CHARACTERISTICS 


NORMALIZED FREQUENCY AS A NORMALIZED FREQUENCY AS A CHANGE IN FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE FUNCTION OF RESISTANCE (R1) FUNCTION OF TEMPERATURE 


V+ =12 VOLTS 
Vc =10 VOLTS 


NORMALIZED FREQUENCY 


¥ 
| 
C3 
ry) 
Oo 
4 
< 
- 
2 
n 
ud 
to 


CHANGE IN FREQUENCY — (%) 


-~75-50-—25 0 +25+50+75+100+125 


CONTROL VOLTAGE 
(BETWEEN PIN 8 AND PIN 5) — VOLTS NORMALIZED FREQUENCY TEMPERATURE — (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


POWER SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 


SUPPLY CURRENT — mA 


SUPPLY VOLTAGE — V 


OPERATING INSTRUCTIONS 

The SE/NE 566 Function Generator is a 
general purpose voltage controlled oscilla- 
tor designed for highly linear frequency 
modulation. The circuit provides simul- 
taneous square wave and triangle wave 
outputs at frequencies up to 1MHz. Atypical 
connection diagram is shown in Figure 1. 
The control terminal (pin 5) must be biased 
externally with a voltage (Vc) in the range 


3/4V°SVesV" 


where Vcc is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R2 and R3. The 
modulating signal is then ac coupled with 


FIGURE 1 


FREQUENCY AS A FUNCTION 
OF CAPACITANCE (C1) 


| V+ = 12VOLTS | 
- Vg = 10.5 VOLTS: 


CAPACITANCE (Cy) — uF 


FREQUENCY — hz 


the capacitor C2. The modulating signal can 
be direct coupled as well, if the appropriate 
de bias voltage is applied to the control 
terminal. The frequency is given approxi- 
mately by 


2[(V") - (Vo)] 


oo RiCw* 


and R1 should be in the range 2kN < Ri < 
20kN. 


A small capacitor (typically 0.001 uf) should 
be connected between pins 5 and 6toelimi- 
nate possible oscillation in the control cur- 
rent source, 

If the VCO is to be used to drive standard 


VCO OUTPUT WAVEFORMS 


> 
| 
g 
z 
a. 
= 
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a 
= 
2 
o 
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| 
o” 
2 
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— 
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a. 
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logic circuitry, it may be desirable to use 
a dual supply as shown in Figure 2. In this 
case the square wave Output has the prop- 
er dc levels for logic circuitry. RTL can 
be driven directly from pin3. ForOTLor tet 
gates, which require a current sink of more 


than imA, it is usually necessary toconnect ——————— 


a 5k resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter- 
face shown uses a Saturated transistor be- 
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time (<50ns) and a 
large current sinking capability. 


+8 VOLTS 


"-6 VOLTS 
FIGURE 2 


*For additional information, consult the Applications Section. 
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DESCRIPTION 


The SE/NE567 tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen- 
cy within its detection band is present atthe 
self-biased input. The bandwidth center 
frequency, and output delay are independ- 
ently determined by means of four external 
components. 


ABSOLUTE MAXIMUM RATINGS 


Operating temperature 
NE567 
SE567 
Operating voitage 
Positive voltage at input 
Negative voltage at input 
Output voitage (collector 
of output transistor) 
Storage temperature 
Power dissipation 


BLOCK DIAGRAM 


PHASE i 
O€TECTOR Pf 
CURRENT 
CLT site 
OSCILLATOR 
coke ; 
PHASE 
OETECTOA 


C3 Output 
Filter 
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FEATURES 


© Wide frequency range (.01Hz to 500kHz) 
® High stability of center frequency 
e Independently controllable bandwidth 
(up to 14 percent) 
@ High out-band signal and nolse rejection 
¢ Logic-compatible output with 100mA a] ELEMENTS as 
current sinking capabllity SUPPLY } 
e Inherent srainusnity to false signals vorrace +y L4J S ELEMENT A 
e Frequency adjustment over a 20 to 1 
range with an external resistor 
¢ Military processing available 


APPLICATIONS 


Touch Tone® decoding 

Carrier current remote controls 
Ultrasonic controls (remote TV, etc.) 
Communications paging 

Frequency monitoring and contro! 
Wireless intercom 

Precision oscillator 


PIN CONFIGURATIONS 
FE, D, N PACKAGE 


OUTPUT FILTER 
CAPACITOR Cz |. 
LOW-PASS FILTER (> 

CAPACITOR Co 


TOP VIEW 


F PACKAGE 


TOP VIEW 


0 to +70 
-55 to +125 


-65 to +150 
300 
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EQUIVALENT SCHEMATIC 
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DC ELECTRICAL CHARACTERISTICS (v+ = 5.0V; Ta = 25°C unless otherwise specified.) 


PARAMETER TEST CONDITIONS 


CENTER FREQUENCY! 
Highest center frequency (fo) 


Center frequency stability2 


-55 to +125°C 
0 to +70°C 
Center frequency distribution fy = 100kHz = 1.1/R,C, 


Center frequency shift with supply voltage 


DETECTION BANDWIDTH 
Largest detection bandwidth 
Largest detection bandwidth skew 
Largest detection bandwidth— 
variation with temperature 
Largest detection bandwidth— 
variation with supply voltage 


INPUT 
Input resistance 


f, = 100kHz = 1.1/R,C, 


Vi = 300mMVrms 


Vi; = 300mMVrms 


Smallest detectable input voltage (V)) 
Largest no-output input voltage 


IL = 100mA, fi = fo 
IL = 100mA, fi = fo 
Greatest simultaneous outband 
signal to inband signal ratio 
Minimum input signal to wideband 
noise ratio 


OUTPUT 
Fastest on-off cycling rate 


= 140kHz 


“1” output leakage current Vg = 15V 

“0” output voltage IL = 30mA 
IL = 100mA 

Output fall! times Ri = 509 


Output rise times Ri = 509 


GENERAL 


Operating voltage range 9.0 V 
Supply current quiescent 10 mA 
Supply current—activated Ri = 20kN 15 mA 
Quiescent power dissipation mW 
NOTES” 
1, Frequency determining resistor Ry should be between 2 and 20k”. 3. Pin 8 to Pin 1 feedback RL network selected to eliminate pulsing during turn-on and 
2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information. turn-off. 
TYPICAL PERFORMANCE CHARACTERISTICS 
BANDWIDTH vs INPUT LARGEST DETECTION DETECTION BANDWIDTH AS 
SIGNAL AMPLITUDE BANDWIDTH vs A FUNCTION OF C2 and C3 


OPERATING FREQUENCY 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


TYPICAL SUPPLY CURRENT GREATEST NUMBER OF CYCLES TYPICAL OUTPUT VOLTAGE 
vs SUPPLY VOLTAGE BEFORE OUTPUT vs TEMPERATURE 


25 
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E | 
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DESIGN FORMULAS 


aT 
BW = 1070 /——— in % of fo, Vi = 200mMVrms 
foC2 


Where 


Vi = Input Voltage (Vrms) 
C2 = Low-Pass Filter Capacitor (uF) 


PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 


The free-running frequency of the current 
controlled oscillator (CCO) in the absence 
of an input signal. 


Detection Bandwidth (BW) 

The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 


Lock Range | 

The largest frequency range within which 
an input signal above the threshold voitage 
will hold a logical zero state on the output. 


Detection Band Skew 

A measure of how well the detection band is 
centered about the center frequency, fo. The 
skew is defined as (fmax + fmin -2fo)/2fo 
where fmax and fmin are the frequencies 
corresponding to the edges of the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center- 
ing adjustment. 


OPERATING INSTRUCTIONS 


Figure 1 shows a typical connection dia- 
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo- 
nents Ri, C1, C2 and C3. 


1. Select R1 and Ci for the desired center 
frequency. For best temperature stability, 
Ri should be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R1C1 product should have sufficient stabili- 
ty over the projected temperature range to 
meet the necessary requirements. 


2. Select the low pass capacitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampili- 
tude variation is known, the appropriate 
value of foC2 necessary to give the desired 
bandwidth may be found. Conversely, an 
area of operation may be selected on this 
graph and the input level and C2 may be 
adjusted accordingly. For example, con- 
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TYPICAL RESPONSE 


Input 


Output 


Response to 100mVrms tone burst. 
Ri = 100 ohms. 


Response to same input tone burst 
with wideband noise. 


= -6db R_ = 100 ohms 
N Noise Bandwidth = 140Hz 


stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC2 product (fo 
(Hz), Co (x fd)). 


3. The value of C3 is generally non-critical. 
C3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out- 
puts. If C3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen- 
cy, or the output may pulse on and off 
during the turn-on transient. If C3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.) A typical 
minimum value for C3 is 2C2. 


AVAILABLE OUTPUTS (Figure 2) 


The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input signal is present, this transis- 
tor saturates; its collector voltage being less 
than 1.0 volt (typically 0.6V) at full output 
current (100mA). The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20mV per 
percent of frequency deviation. The average 
voitage at pin 1 is, during lock, a function of 
the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 


C3 
‘poutrur 
FILTER 


Figure 1 


output of magnitude (+V -2Vpbe) = (+V -1.4V) 
having adc average of +V/2. A 1kN. load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of +V/2. Only high imped- 
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. | 


OPERATING PRECAUTIONS 


A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 


1. Operation in the high input level mode 
(above 200mV) will free the user from 
bandwidth variations due to changes inthe 
in-band signal amplitude. The input stage is 
now limiting, however, so that out-band 
signals or high noise levels can cause an 
apparent bandwidth reduction as the in- 
band signal is suppressed. Also, the limiting 
action will create in-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at fo/3, fo/5, etc. 


2. The 567 will lock onto signals near (2n + 
1) fo, and will give an output for signals near 
(4n + 1) fowhere n=O, 1, 2, etc. Thus, signals 
at 5fo and 9fo can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 


3. Maximum immunity from noise and out- 
band signals is afforded in the low input 
level (below 200mVrms) and reduced band- 
width operating mode. However, decreased 
loop damping causes the worse-case lock- 
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 


4. Due to the high switching speeds (20ns) 


associated with 567 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a 0.01uF or greater 
capacitor; grounding paths should be 
carefully chosen to avoid ground loops and 
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unwanted voitage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current at turn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec- 
tion band of narrow-band systems suffi- 
ciently to cause momentary loss of lock. 
The result is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 


SPEED OF OPERATION 


Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the turn-on tran- 
sient. Thus, maximum operating speed is 
obtained when C2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the incoming frequen- 
cy rather than toward it. Under this condi- 
tion, which is of course unpredictable, the 
lock-up transient is at its worst and the 
theoretical minimum lock-up time is not 
achievable. We must simply wait for the 
transient to die out. 


The following expressions give the values of 
C2 and C3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital informa- 
tion may be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre- 
sponding to an information transfer rate of 
fo/10 baud. 


130 
fo 


in cases where turn-off time can be sacri- 
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C3 voltage lower (closer 
to the threshold voltage). However, sensitiv- 
ity to beat frequencies, noise and extrane- 
ous signals will be increased. 


OPTIONAL CONTROLS (Figure 3) 


The 567 has been designed so that, for most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 


OuTFUT 
(PIN 8) 


IN-BAND 


i 
l 


DECREASE 
SENSITIVITY 


taken of the added controi possibilities 
available through the use of additional ex- 
ternal components. In the diagrams given, 
typical values are suggested where appli- 
cable. For best results the resistors used, 
except where noted, should have the same 


THRESHOLD VOLTAGE 


INPUT 
VOLTAGE 


Figure 2 


Ra 


: 
| 


Figure 3 


Ve 


VcE ae 1.0V 


Veet 


INCREASE 
SENSITIVITY 


DECREASE 
Re ee 


K 
INCREASE 
SENSITIVITY 


: Rc 
> 1.0K 


SILICON 
when DIODES FOR 
TEMPERATURE 


COMPENSATION 
(OPTIONAL) 


temperature coefficient. Ideally, silicon di- 
odes would be low-resistivity types, such 
as forward-biased transistor base-emmiter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli- 
cations. 
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LINEAR LSI PRODUCTS 


TONE DECODER/PHASE LOCKED LOOP 


SE/NE567 


SENSITIVITY ADJUSTMENT 


(Figure 3) 

When operated as a very narrow band de- 
tector (less than 8 percent), both C2 and C3 
are made quite large In order to improve 
noise and outband signal rejection. This will 
inevitably slow the response time. If, how- 
ever, the output stage is biased closer to the 
threshoid level, the turn-on time can be 
improved. This is accomplished by drawing 
additional current to terminal 1. Under this 
condition, the 567 will also give an output 
for lower-level signals (10mV or lower). 


By adding current to terminal 1, the output 
stage is biased further away from the 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, C2 and 
C3 are made very small. Normally, frequen- 
cies just outside the detection band could 
cause false outputs under this condition. By 
‘desensitizing the output stage, the outband 
beat notes do not feed through to the output 
stage. Since the input level must be some- 
what greater when the output stage is made 
less sensitive, rejection of third harmonics 
or in-band harmonics (of lower frequency 
signals) is also improved. 


CHATTER PREVENTION (Figure 4) 


Chatter occurs in the output stage when C3 
is relatively small, so that the lock transient 
and the AC components at the quadrature 
phase detector (lock detector) output cause 
the output stage to move through its thresh- 
old more than once. Many loads, for exam- 
ple lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as aseries of outputs. By feeding the 
output stage output back to its input (pin 1) 
the chatter can be eliminated. Three 
schemes for doing this are givenin Figure 4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the tran- 
sient conditions are over. It is only neces- 
sary to assure that the feedback time con- 
stant is not so large as to prevent operation 
at the highest anticipated speed. Although 
chatter can always be eliminated by making 
C3 large, the feedback circuit will enable 
faster operation of the 567 by allowing C3 to 
be kept small. Note that if the feedback time 
constant is made quite large, a short burst at 
the input frequency can be stretched into a 
long output pulse. This may be useful to 
drive, for example, stepping relays. 


DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 
(Figure 5) 


When it is desired to alter the location of the 
detection band (corresponding to the loop 
capture range) within the lock range, the 
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OPTIONAL — PERMITS 
LOWER VALUE OF C, 


RAISES fy 


C2 


R 
RAISES fo 


LOWERS fo 


Re 
2.5K 


RAISES fy 
Rc 
1.0K 
SILICON 
DIODES 
OR 
TEMPERATURE 


COMPENSATION 
(OPTIONAL) 


Figure 5 


circuits shown above can be used. By mov- 
ing the detection band to one edge of the 
range, for example, input signal variations 
will expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable signal is expected on 
one side or the other of the center frequen- 
cy. Since Rg also alters the duty cycle slight- 
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 


ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 
(Figure 6) 


Although a large value of Ca will reduce the 
bandwidth, it also reduces the loop damp- 
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band condi- 
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 


value of C2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rg and Rc can be 
eliminated and the Ra resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 


OUTPUT LATCHING (Figure 7) 


To latch the output on after a signal is 
received, it is necessary to provide a feed- 
back resistor around the output stage (be- 
tween pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 


REDUCTION OF C1 VALUE 
(Figure 8) 

For precision very low-frequency applica- 
tions, where the value of C; becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the Ri 
C1 junction and pin 6, soas to allow a higher 
value of Ri and a lower value of C; fora 
given frequency. 


LINEAR LSI PRODUCTS 


TONE DECODER/PHASE LOCKED LOOP SE/NE567 


PROGRAMMING TYPICAL APPLICATIONS 
TOUCH-TONE® DECODER 


To change the center frequency, the value 
of Ri can be changed with a mechanical or 
solid state switch, or additional C1 capaci- 
tors may be added by grounding them 
through saturating npn transistors. 


Kas Kl Bl Ka 
TAIT AZ 
TIT PAA ol 
WILLE 


INPUT VOLTAGE Mv — RMS 


OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 


130 10K +p\ <C2< 1300 /10K +R 
fo R to R 
NOTE 


Adjust contro! for symmetry of detection band 
edges about fo. 


Component vaiues (Typical) 


6.8 to 15K ohm 
4.7K ohm 

20K ohm 
0.10mfd 
1.Omtd 5V 


Figure 6 


2.2mtd 6V 
250 uF 6V 


OUTPUT LATCHING 


+V 
e 


+V 


von 


UNLATCH 


Ca prevents latch-up when power supply is turned on. 


Figure 7 


Figure 8 
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LINEAR LSI PRODUCTS 


TONE DECODER/PHASELOCKEDLOOP —SEINES67 


TYPICAL APPLICATIONS (Cont'd) 


CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 


+5 to 15V 


6OHz AC LINE | 
60—200Veins LOAD 
r ‘ie 


24% BANDWIDTH TONE DECODER 


INPUT SIGNAL 
(> 100mVrins) 


AUDIO OUT 
(1F INPUT IS 
FREQUENCY 
MODULATED) 


120 
y= Cge mfd)} 
Cag te! 
Cy Cy 
Ry = 1.12 Ry 


INPUT 
CHANNEL 
OR RECEIVER 
100mv(pp} 
SQUARE OR 
fom VAMS 
SINE INPUT 
1. Resistor and capacitor values chosen for desired frequencies and bandwidth. | Ro ~ R1/S 


2. If Cais made large so as to delay turn-on of the top 867, decoding of sequential (fy f2) 
tones |s possibie, 


Adjust Fi; so that @ = 90° with control midway 
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LINEAR LSI PRODUCTS 


TONE DECODER/PHASE LOCKED LOOP SE/NE567 


TYPICAL APPLICATIONS 


OSCILLATOR WITH 
QUADRATURE 
OUTPUT 


CONNECT PIN 3 
TO 2.8V TO 
INVERT OUTPUT 


PULSE GENERATOR 
WITH 25% 
DUTY CYCLE 


(Cont'd) 


OSCILLATOR WITH 
DOUBLE FREQUENCY 
OUTPUT 


PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 


vco © 
TERMINAL 


(t6% 


PRECISION OSCILLATOR 
WITH 20ns SWITCHING 


vco O 
TERMINAL 


PULSE GENERATOR 


DUTY 
CYLCE 
ADJUST 


*For additional information, consult the Applications Section. 
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LINEAR LS! PRODUCTS 


TIMER | 


SE/NESS9/SE555C 


DESCRIPTION 


The 555 monolithic timing circuit is a highly 
stable controller capable of producing ac- 
curate time delays, or oscillation. In the time 
delay mode of operation, the time is precise- 
ly controlled by one external resistor and 
capacitor. For astable operation as an oscil- 
lator, the free running frequency and the 
duty cycle are both accurately controlled 
with two external resistors and one capaci- 
tor. The circuit may be triggered and reset 
on falling waveforms, and the output struc- 
ture can source or sink up to 200mA. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage 
SE555 
NE555, SE555C 
Power dissipation 
Operating temperature range 
NE555 
SE555, SE555C 
Storage temperature range 
Lead temperature (soldering, 60sec) 


EQUIVALENT SCHEMATIC 


THRESHOLD 


DISCHARGE 
Lae, 


GND 
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FEATURES 
e 


Turn off time less than 2us 
@ Maximum operating frequency greater 
than 500kHz 
Timing from microseconds to hours 


Cperates In both astable and monostable 
modes 

High output current 

Adjustable duty cycle 

¢ TTL compatibie 

e Temperature stability of 0.005% per °C 


APPLICATIONS 


Precision timing 

Pulse generation 
Sequential timing 

Time delay generation 
Pulse width modulation 
Pulse position modulation 
Missing pulse detector 


RATING 


+18 
+16 
600 


0 to +70 
~§5 to +125 
-65 to +150 

300 


OUTPUT 


PIN CONFIGURATIONS 
D, N, FE PACKAGE 
8) Voc 


DISCHARGE 
16 | THRESHOLD 
CONTROL 
2 VOLTAGE 
TOP VIEW 
ORDER NUMBERS 


SE/NE555N,FE NE555D 
SE555CN, CFE 


F PACKAGE 


Yec 
NC 


TRIGGER DISCHARGE 


OUTPUT NC 
NC THRESHOLD 


NC 


CONTROL 
VOLTAGE 


TOP VIEW 


ORDER NUMBERS 
SE/NES55F SES55CF 


THRESH 
OLO 


COMPARATOR 


FLIP FLOP O 4 


OUTPUT 


GROUND 


OUTPUT 


LINEAR LS! PRODUCTS 


TIMER 


SE/NES555/SE555C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15 unless otherwise specified. 


PARAMETER 


Supply voltage 
Supply current (low state)1 


Timing error (monostable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 


Timing error (astable) 
Initial accuracy2. 
Drift with temperature 


Control voitage level 


Threshold voltage 


Threshold currents 
Trigger voltage 


Trigger current 
Reset voltage4 


Reset current 
Reset current 


Output voltage (low) 


Output voltage (high) 


Turn off times 


Rise time of output 
Fall time of output 
Discharge leakage current 


NOTES 


1. Supply current when output high typically 1mA less. 


2. Tested at Vcc = SV and Vcc = 15V. 


Drift with supply voltage 


SE555 NE555/SE555C 


pe a UNIT 


ae se eee ae 
Voc ='15V RL = 1 


2 
Ra = 2K to 100KN 
C =0.1uF 2.0 


3 
10 


3 
> 


Ra, Re = 1kN to 100kN 
C= 0.1uF 
Voc = 15V 


Vcc = 15V 
Voc = 5V 


VtRIG = OV 


VRESET = OV mA 
Voc = 15V 
ISINK = 10MA V 
ISINK = 50mMA V 
ISINK = 100mMA V 
IsinK = 200mMA V 
Vcc = 5V 
ISiINK = 8mMA V 
ISINK = 5MA V 
Voc = 15V 
IsouRCE = 200mA V 
lsourceE = 100mMA V 
Voc = 5V 
ISOURCE = 100mA V 
us 
100 300 ns 
100 300 ns 
20 100 na 


3. This will determine the maximum value of Ra + Ra, for 15V operation, the max total 
FR = 10 megohm, and for 5V operation, the max total R = 3.4 megohm. 


4. Specified with trigger input high. 


5. Time measured from a positive going input pulse from 0 to 0.8 x Vcc into the threshold 
to the drop from high to low of the output. Trigger is tied to threshold. 
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LINEAR LSI PRODUCTS 


TIMER | SE/NE555/SE555C 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM PULSE WIDTH SUPPLY CURRENT DELAY TIME 
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs TEMPERATURE 


MINIMUM PULSE WIDTH 


SUPPLY CURRENT — mA 
NORMALIZED DELAY TIME 


5.0 10.0 15.0 ~50 —~25 O +25 +50 +75+100 +125 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE — VOLTS TEMPERATURE — °C 
LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT 
10 

ee seer laa ean et 
Pde ee ee ee ee ee es ee ee 
a a me eee Pe eel 
- ) 
“ par ae o wt lil | [-srel A 
2 “oe oe eee on ce eee s 
> = ee 2 > a a 
: Re cece cs ee er 

8 >. | 8 : | | aN o ce A 

pote ne | | | 
a = 
ry ee 
1.0 2.0 5.0 10 20 50 100 
Isink — MA Isink — MA Isink — MA 
j PROPAGATION DELAY 
HIGH OUTPUT VOLTAGE DROP DELAY TIME vs vs VOLTAGE LEVEL 
vs OUTPUT SOURCE CURRENT SUPPLY VOLTAGE OF TRIGGER PULSE 


eB 
Cs 
CC ser 
wee tt 
Go a 
ie a a 
manne CoCo 
Ese aries 


Vec Vout — VOLTS 
& 


NORMALIZED DELAY TIME 
PROPAGATION DELAY — ns 


lsouRCE — MA SUPPLY VOLTAGE — V LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE — XVcc 


LINEAR LSI PRODUCTS 


TIMER 


TYPICAL APPLICATIONS 


ASTABLE OPERATION 


DISCHARGE © 


___ CONTROL 
[~~ VOLTAGE 


THRESHOLD © 


th 
it cd ol 


TRIGGER O 


eee 


MONOSTABLE OPERATION 


Voce 
CJ 


555 OR 1/2 556 
DISCHARGE © 


___CONTROL 
VOLTAGE 


THRESHOLD © 
O01 nF 


OUTPUT 


TRIGGERO 


SE /NES555/SE555C 


| OUTPUT 


1.49 


1 RA aR) 


AT#£1,1RC 
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LINEAR LSI PRODUCTS 


TIMER me - SE/NESS5/SES55C 


Trigger Pulse Width Requirements TYPICAL APPLICATIONS Another consideration is the “turn off time”. 
and Time Delays Re BOUPLING OF HE TRIGGER FULEE This is the measurement of the amount of time 

: ee ¥ required after the threshold reaches 2/3 Voc to 
eHe tO tre jatar’ Of ine: geet Gieuitly: the o 5 turn the output low. To explain further, Q, at the 


timer will trigger on the negative going edge of ; 
; : : : threshold input turns on after reaching 2/3 Voc, 
the input pulse. For the device to time out pro- which then tums on Qs, which turns on Qa. 


perly, it is necessary that the trigger voltage : 
7 Current from Qg turns on Qyg which turns Q,7 
level be returned to some voitage greater than off. This allows current from Que to turn on Qay 


one third of the supply before the time out 
period. This can be achieved by making either and Qo to give ok Suiput love: nese dana 
cause the 2us maximum delay as stated in the 


the trigger pulse sufficiently short or by AC ata cheat 
coupling into the trigger. By AC coupling the ALE RESISTOR VALUES ANE IN GHIA ; 
trigger, see Figure 1, a short negative going 
pulse is achieved when the trigger signal goes 
to ground. AC coupling is most frequently used 
in conjunction with a switch or a signal that 
goes to ground which initiates the timing cycle. 
Should the trigger be held low, without AC 
coupling, for a longer duration than the timing 
cycle the output will remain in a high state for 
the duration of the low trigger signal, without 
regard to the threshold comparator state. 
This is due to the predominance of Q,. on the 
base of Qy,, controlling the state of the bi- 
Stable flip-flop. When the trigger signal then 


Also, a delay comparable to the turn off time is 
the trigger release time. When the trigger is 
low, Q49 is on and turns on Q,, which turns on 
Qy5. Qys turns off Q,, and allows Q,, to turn on. 
This turns off current to Qog and Qz,4, which 
results in output high. When the trigger is 
released, Q,, and Q,, shut off, Qs turns off, 
Q,g, turns on and the circuit then follows the 
same path and time delay explained as “turn 
off time’. This trigger release time is very 
important in designing the trigger pulse width 
OvoirTs so as not to interfere with the output signal as 
~ >| le —— DURATION OF TRIGGER PULSE explained previously. 


returns to a high level, the output will fall 4 AP AEEN DEINE TIMED 
immediately. Thus, the output signal will fol- SITES GROUNOED 
low the trigger signal in this case. 


AT THIS POINT Figure 1 


SCHEMATIC 555 OR 1/2 556 DUAL TIMER 


FM 


0 5 
R12 
? 6.8K 
Are od TR ke 
THRESHOLD | a 


OUTPUT 
O 3 


TRIGGER 


DISCHARGE 
7 O-~ 
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LINEAR LSI PRODUCTS 


“DUAL TIMER 


SA/SE/NES56/SA/SE/NE556-4/SE556-1C 


DESCRIPTION 

Both the 556 and 556-1 Dual Monolithic 
timing circuits are highly stable control- 
lers capable of producing accurate time 
delays or oscillation. The 556 and 556-1 are 
a dual 555. Timing is provided by an exter- 
nal resistor and capacitor for each timing 
function. The two timers operate indepen- 
dently of each other, sharing only Voc and 
ground. The circuits may be triggered and 
reset on falling waveforms. The output 
structures may sink or source 200 mA. 


APPLICATIONS 


@#eeeeee%e##e%eeee? @ 


Precision timing 
Sequential timing 
Pulse shaping 

Pulse generator 
Missing pulse detector 
Tone burst generator 
Pulse width modulation 
Time delay generator 
Frequency division 
Industrial controls 
Pulse position modulation 
Appliance timing 
Traffic light control 
Touch tone encoder 


BLOCK DIAGRAM 


DISCHARGE 


OUTPUT 


TRIGGER 


GROUND 


FEATURES 


¢ Maximum operating frequency greater 


@ 


Turn off time less than 2 us (556-1, 1C) 


than 500 kHz (556-1, 1C) 
Timing from microseconds to hours 
Replaces two 555 timers 


Operates in both astable and mono- 
stable modes 


High output current 

Adjustable duty cycle 

TTL compatible 

Temperature stability of 0.005% per °C 


SE556 MIL-STD-883A, B, C available, 
N38510 (JAN planned, 38510 processing 
available) 


FLIP FLOP 


< 


PIN CONFIGURATION 


D, F, N PACKAGE 


DISCHARGE 


THRESHOLD DISCHARGE 


CONTROL 


THRESHOLD 
VOLTAGE 


CONTROL 
VOLTAGE 


| 8 | TRIGGER 


TOP VIEW 


ORDER NUMBERS 
SA/SE/NE556-1F,N SE556-1CF, CN 
SE/NE556F,N NE556D 
SA556N SE556CN 


Voc 


DISCHARGE 


THRESHOLD 


CONTROL VOLTAGE 
RESET 


OUTPUT 


TRIGGER 
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LINEAR LSI PRODUCTS 


DUALTIMER SA ISEINESS6/SA/SE/NESS6-4/SE556-4C 


EQUIVALENT SCHEMATIC (Shown for one circuit only) 


THRESHOLDO 


TRIGGERO 


DISCHARGE © 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Supply voltage 
SA/NE556, 556-1, SE556C, 556-1C + 16 
SE556-1, 556 +18 
Power dissipation 600 


Operating temperature range 
NE/SA556-1, NE556 Oto +70 
SA556-1, SA556 -~40 to +85 
SE556-1, SE556-1C, SE556, 556C ~55to + 125 
Storage temperature range — 65 to +150 
Lead temperature (soldering, 60 sec) +300 
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LINEAR LS] PRODUCTS 


DUAL TIMER SA/SE/NES56/SA/SE/NE556-4 /SE556-1C 


ELECTRICAL CHARACTERISTICS T, = 25°C, Voc = +5V to + 15V unless otherwise specified 


SA/NE556/SE556C 
SE556/556-1 
PARAMETER TEST CONDITIONS NES56-1/SE556-1C UNITS 
V 


Supply voltage 


Supply current (low state)! a = 5V, R, = 
Vec = 15V, aa oo 


Timing error (monostable) Ra = 2k2 to 100k2 


Initial accuracy” C=0.1pF 0.5 
Drift with temperature 30 
Drift with supply voltage 0.05 


Timing error (astable) 
Initial accuracy” 
Drift with temperature 
Drift with supply voltage 


Control voitage level Voc = 15V 10.0 10.4 9.0 10.0 
— Veo = 5V 3.33 3.8 2.6 3.33 4.0 
9.4 
2.7 


Ra, Rg = 1k2 to 100k2 
C=0.1pF 


Threshold voltage Voc = 15V 10.0 10.6 8.8 10.0 11.2 
3.33 4. Saar 2.4 3.33 4.2 


Trigger voltage ee 2 4.5 5.0 5.6 V 
: pa 1.9 1.1 1.67 2.2 V 
Trigger current 0.5 0.9 0.5 2.0 pA 


Reset voltage® 
Reset current 
Reset current 


Output voltage (low) 
Isink =10mMA 


Isinx = 50MA 


Isink = = 200mA 
Voc = 5V 
Isink = BMA 0. 2 0. 25 
Isink = OMA 0.05 0.15 0.15 


Voc = 15V 
lsource = 200MA 
IsQURCE = 100mA 
Veco = 5V 
lsourRcE = 100mA 


Rise time of at 
Fall time of output 


Discharge leakage current 


Matching characteristics® | 
Initial accuracy” 
Drift with temperature 


12.5 
12.75 13.3 


100 200 100 300 
100 200 100 300 


eae ae 
0.5 | 
10 


1.0 1.0 
+10 
Drift with supply voltage 0.1 0.2 0.2 
NOTES . 4. Matching characteristics refer to the difference between performance character- 
1. Supply current when output is high Is typically 1.0mA less. istics for each timer section in the monostable mode. 
2. Tested at Voc = 5V and Voc = 15V. 5. Specified with trigger input high. 
3. This will determine maximum value of Ra + Rp. For 15V operation, the maximum 6. Time measured from a positive going input pulse from 0 to 0.4 Vcc into the 
total R= 10 megohms, and for 5V operation, the max. total R= 3.4 megohms. threshold to the drop from high to low of the output. Trigger is tied to threshold. 
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LINEAR LS] PRODUCTS 


DUAL TIMER | | SA/SE/NES556/SA/SE/NE556-1 ISES56-4 C 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM. PULSE WIDTH SUPPLY CURRENT HIGH OUTPUT VOLTAGE DROP 
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs OUTPUT SOURCE CURRENT 
10.0 — 
LL a7 
+ 125°C 
8 | i aii a oe 
if | 8 ee ee ee ee 
” rr 6.0 > 
=) > 
= oO SA °o 
= a 4.0 A 3 a 
| 2 a. é > 
= B 2.0 
0 : 
0 0.1 0.2 0.3 0.4 5.0 10.0 15.0 1.0 2.0 50 10 20 50 100 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE — VOLTS IsouRCE —- MA 
LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT 
10 ‘ 10 10 
PT TT ET vee =t0v | PE ET veces s5v_ 
a a ee et ee oe te 
(Rees Ce GD [ee ee —— rity | ft J Ty 
= pt 
” 0 1.0 2 1.0 Pe cihe Iales [esse 
3 = ee ees 
> > if eee {fe 
5 3 3 
0.1 > 0. 
-__sa sor 
~ | i A 
mee 
are a | oon tt! eee ae ee ee 
1.0 2.0 5.0 10 20 50 100 10 2.0 5.0 10 20 50 100 1.0 2.0 5.0 10 20 50 100 
Isink — MA Isink — MA Isink — MA 
PROPAGATION DELAY 
DELAY TIME DELAY TIME vs vs VOLTAGE LEVEL 
vs TEMPERATURE SUPPLY VOLTAGE OF TRIGGER PULSE 


NORMALIZED DELAY TIME 
NORMALIZED DELAY TIME 


PROPAGATION DELAY — ns 


TEMPERATURE — °C SUPPLY VOLTAGE — V LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE — XVcc 
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LINEAR LSI PRODUCTS 


DUAL TIMER 


SA/SE/NE556/SA/SE/NE556-4 /SE556-4C 


TYPICAL APPLICATIONS 


One feature of the dual timer Is that by 
utilizing both halves it is possible to ob- 
tain sequential! timing. By connecting the 
output of the first half to the input of the 
second half via a .001yfd:coupling capacl- 
tor sequential timing may be obtained. 
Delay t, Is determined by the first half and 
tp by the second half delay. 


The first half of the timer is started by 
momentarily connecting pin 6 to ground. 
When it Is timed out (determined by 
1.1R,C,) the second half begins. Its dura- 
tlon Is determined by 1.1R,Co. 


SEQUENTIAL TIMER 


Veo Veco Vec Vec Vec 
@ se ( ) C) C) 


Ry R2 
10K 1meg ol 190K ¢ 10K 


10 


Cc 
a8 sou 


001 
© OUTPUT 1 


© OUTPUT 2 


ALL RESISTOR VALUES ARE IN OHMS 


“For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 


QUAD TIMER 


SA/SE/NE558 


DESCRIPTION 


The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely independent timing functions. The 
558 output sinks current. These highly sta- 
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter- 
nal resistor and one capacitor. A stable 


operation can be achieved by using two of » 


the four timer sections. 


The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 
current Capability of 100mA is provided in 
both devices. 


_ FEATURES 


® 100mA output current per section 

Edge triggered (no coupling capacitor) 
Output independent of trigger conditions 
Wide supply voltage range 4.5V to 18V 
Timer intervals from microseconds to 
hours 

e Time period equals RC 

® Military qualifications pending 


APPLICATIONS 


Sequential timing 
Time delay generation 
Precision timing 
Industrial controls 
Quad one-shot 


558 EQUIVALENT CIRCUIT 
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PIN CONFIGURATION 


OUTPUTA | 1 | 


TIMING A 


TRIGGER A | 3 | 


CONTROL 
VOLTAGE 4 


TRIGGER B | 6 | 


leg 


STAGE 


TIMING B 


OUTPUT B | 8 | 


ORDER NUMBERS 
NE/SA/SE558F NE/SA/SE558N 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
NE/SA558 
SE558 

Power dissipation 


Operating temperature range 
NE558 
SA558 
SE558 

Storage temperature range 

Lead temperature (soldering, 60sec) 


D' FN PACKAGE | 


NE558D TOP VIEW 


OUTPUT D 
TIMING D 
TRIGGER D 
nites 
GROUND 
TRIGGER C 


TIMING C 


OUTPUT C 


+16 
+18 
1.25 


0 to +70 
—40 to +85 
-55 to +125 
-65 to +150 

+300 


— — = -© RESET 


O TRIGGER 


LINEAR LSI PRODUCTS 


QUAD TIMER SA/SE/NE558 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to. +15V unless otherwise specified. 


SA/NE558 
PARAMETER TEST CONDITIONS : 


Supply voltage 


_ Supply current Vcc = Reset = 15V 


Timing accuracy (T = RC) R = 2k to 100kN 
C= uF 


Initial accuracy 

Drift with temperature 

Drift with supply voltage 

Trigger voltage’ Voc = 18V 
Trigger current Trigger = OV 
Reset voitage2 | 

Reset current 

Threshold voitage 

Threshold leakage 


Output voitage3 IL = 10mA 
lL = 100mA 


Output leakage 
Propagation delay 


Risetime of output j I. = 100mMA 
Falltime of output IL = 100mA 


NOTES 


1, The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 voits, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vcc to 
sink current. The output is normally low sinking current. 
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LINEAR LSI PRODUCTS 


QUAD TIMER _ ee SA/SE/NES5S8_ 


558 LONG-TIME DELAY 


TRIGGER | | 
| : OUTPUT 1 [ ve 
| | | | | OUTPUT 2 e | 
TRIGGER O—J | —47 OUTPUT 3 : 7] 
| . © : ‘bo ToeLay > Tl 
OUTPUT 1 OUTPUT 2 OUTPUT 3 : OUTPUT 4 


NOT USED Tpecay 3(RyC) 
Tout R2C2 


558 RING COUNTER 


EXPECTED WAVEFORMS 


*For additional information, consult the Applications Section. 
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Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause permar 
nent damage to the device and are not meant to Imply that 
devices can operate at these /imits. 

Average Input Offset Current Temperature Coefficient (TClog) 
The change in Input offset current divided by the change to am- 
bilent temperature producing It. 

Average Input Offset Voltage Temperature Coefficient (TCV os) 
The change in input offset voltage divided by the change in am- 
bient temperature producing it. 

Bandwidth 

The frequency at which the gain is down 3dB from its de value. 
It’s measured in sample (track) mode with a small-signal sine 
wave that doesn’t exceed the slew rate limit. 

Common Mode Input Resistance 

The resistance looking into both inputs, with inputs tied 
together. 

Common Mode Rejection Ratio (CMRR) 

The ratio of the change of input offset voltage to the input com- 
mon mode voltage change producing it. 

Full Power Bandwidth 

The maximum frequency at which the full sine wave output might 
be obtained. 

Input Bias Current (Ig) 

The average of the two input currents at zero output voltage. In 
some cases, the input current is measured for either input in- 
dependently. 

Input Capacitance 

The capacitance looking into either input terminal with the other 
grounded. 

Input Current 

The current into an input terminal. 


Input Noise Voltage 

The square root of the mean square narrow-band noise voltage 
referred to the input. 

Input Offset Current 

The difference in the currents into the two input terminals with 
the output at zero volts. 

input Offset Voltage 


That voltage which must be applied between the input terminals to 
obtain zero output voltage. The input offset voltage may also be 
defined for the case where two equal resistances are inserted in 
series with the input leads. 


Input Resistance 

The resistance looking into either input terminal with the other 
grounded. 

input Voltage Range 


The range of voltages on the input terminals for which the 
amplifier operates within specifications. In some cases, the in- 
put offset specifications apply over the input voltage range. 


Large-Signal Voltage Gain 


The ratio of the maximum output voltage swing to the change in 
input voltage required to drive the output to this voltage. 


Output Resistance 

The resistance seen looking into the output terminal with the 
output at null. This parameter is defined only under smail signal 
conditions at frequencies above a few hundred cycles to 
eliminate the influence of drift and thermal feedback. 


Output Short-Circult Current 

The maximum output current available from the amplifier with 
the output shorted to ground or to either supply. 

Output Voltage Swing 

The peak output swing, referred to zero, that can be obtained. 


Package Type Designation 
See full package designations in Appendix. 


Phase Margin 

180° minus the absolute value of the phase shift measured at 
the frequency at which the gain is unity. 

Power Consumption 

The de power required to operate the amplifier with the output at 
zero and with the output at zero and with no load current. 
Power Dissipation 

The power that the device can safely handle at 25°C. The 
dissipation must be derated as indicated for the individual 
package type. 

Power Supply Rejection Ratio 

The ratio of the change in input offset voltage to the change in 
supply voltages producing it. 

Rise Time 

The time required for an output voltage step to change from 10% 
to 90% of its final value. 

Siew Rate 

The maximum rate of change of output voltage under large 
signal conditions. 

Supply Current 

The current required from the power supply to operate the ampli- 
fier with no load and the output at zero. 

Ta 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

Ty 

Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 


Tst¢ 
Storage temperature range. Temperature range that the device 
can be stored in a non-operating condition. 


Tsop 

Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor- 
mally specified for a duration of 10 sec). 


Temperature Stability of Voltage Gain 

The maximum variation of the voltage gain over the specified 
temperature range. 

Voc (- Veo) 

Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 


MIN. INPUT 
SUPPLY a OUTPUT NOISE 


MAX. INPUT MAX. INPUT 


VOLTAGE? CURRENT VOLTAGE VOLTAGE | INTERNAL VOLTAGE | 


DRIFT OFFSET | BIAS MAX. : SWING (V) | COMPEN- (nVVH2) 
DEVICE | PLEXITY (VPC TYP.) (nA) (nA} {V) - RL =2K SATION fo = 1kHz 
NE530 Singie Comm. 6 40 | 150 | 
SE530 Singie Mil. 4 80 
NE531 | Comm. & 


1500 
500 | 
150 


Single 

NES5534/A | Single 4.5 
Singie 48 
Single 48 


Ce 


| 
, | | cos 
wA747C | Dual Comm. | 


5 50 
§ 50 
7 25 
7 25 
7 25 
5 50 
5 50 
6 25 1 
MC 1458 Dual Comm. 6 25 1 
SA1456 Dual Auto 6 20 1 
MC 1558 | j_ Dual | Ma 5 50 1 
NE4558 Dual Comm. | 6 20 3 1 
| SA4558 Dual Auto | 6 50 3 ' 
| SE4585 Dual Mil. 5 50 3 1 
Rulacl aE Dua! Comm. | . 56 3 1 
| SES512 | Dual Mal. i 2 50 3 1 
NESS3ZA | Dual Comm. | 4 25 10 Ss 
SE55324 |} Dual | Mi | 2 50 10 9 
NESS33_ | ~=Dual |, Gomm. 4 300 25 ia ig 
NE5535 Dua! Com. 6 46 50 { s 
SE5535 Dual Mu. 4 20 56 1 ibe: j 
LM124 | Quad | Mi. | 5 0 50 1 03 3 
ind, S_ x sx 1 03 3 
Comm. 7 50 25 1 3 
| i Auto 7 50 25 1 3 
| | Auto 8 75 20 1 7 
| MC3403 Quad | Comm. 10 50 20 1 7 
MC3803 | Quad Mi. 5 10 500 +18 4 +10 
NE5S14 | Quad Comm. 5 5e 20 +16 10 £13 Yes 
| SESS 14 Quad Mil. 2 de 10 +16 10 +13 Yes 
Notes: 
1. Military: ~58°C to + 125°C 3. Uniess otherwise stated, max. negative input voltage cannot 
industrial: -25°Cto +88°C exceed negative power supply voitage. 


Commercial: O0°Cto +70°C Ay=7 


4 
Automotive: —40°Cto +85°C §. R=10K 

2. Specifications guaranteed at 25°C unless otherwise in- 6. RAL=6009. 
dicated by the following marks: 7. Ay25 
* Typical over full temperature range 8. Ay23 
4 Guaranteed over ful! temperature range 9 RL=1500 
B Typical at 25°C 10. Ay27 
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LINEAR LSI PRODUCTS 


LOW POWER QUAD OP AMP 


LM4124/224/324/SA534 


DESCRIPTION 


The LM124/SA534 series consists of four 
independent, high gain, internally frequen- 
cy compensated operational amplifiers 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Similar to LM2902. 


UNIQUE FEATURES 


In the linear mode the input common-mode 
voltage range includes ground and the out- 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 


The unity gain cross frequency is tempera- 
ture compensated. 


The input bias current is also temperature 
compensated. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 


© Internally frequency compensated for 
unity gain 

e Large dc voltage gain—(100dB) 

® Wide bandwidth (unity gain)—1MHz 
(temperature compensated) 

¢ Wide power supply range 

Single supply—(3Vdc to 30Vdc) or 
dual supplies—(+1.5Vdc to +15Vdc) 

© Very low supply current drain— 
essentially independent of supply volt- 
age (1mW/op amp at +5Vdc) 

e Low input biasing current—(45nAdc 
temperature compensated) 

¢ Low input offset voltage—(2mVdc) and 
offset current—(5nAdc) 

® Differential input voltage range equal to 
the power supply voitage 

® Large output voltage—(0Vdc to V+— 
1.5Vdc swing) 

© LM124 Mil std 883A,B,C available 


PARAMETER UNIT 
V+ Supply voltage 32 or +16 Vdc 
Differential input voltage 32 Vde 
Input voltage -0.3 to +32 | Vde 
Power dissipation! 
N package 570 mw 
F package 900 mW 
Output short-circuit to GND 
1 amplifier Continuous 
V+ < 15Vde and Ta = 25°C 
Input current (Vin < -0.3V)3 50 mA 
Operating temperature range 
LM324 0 to +70 a 
LM224 -25 to +85 aG 
SA534 -40 to +85 is 
LM124 -55 to +125 as oF 
Storage temperature range ~65 to +150 OF 
Lead temperature (soldering, 10sec) 300 is © 
NOTES 


1. For operating at high temperatures, all devices must be derated based ona +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 
LM 124/224 can be derated based on a +150°C maximum junction temperature. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short- 
circuits can exceed the power dissipation ratings and cause eventua! destruction. 

3. The direction of the input current is out of the IC due to the PNP input stage. This 
current is essentially constant, independent of the state of the output, so no loading 


change exists on the input lines. 


PIN CONFIGURATION 


D,F,N PACKAGE 


OUTPUT 1/1 | 114] OUTPUT 4 
-INPUT 1 ah A ~ INPUT 4 
+INPUT 1 ("ae +INPUT 4 


v+ 14] GND 
+INPUT 2 +INPUT 3 
INPUT 2 | 6 | INPUT 3 
OUTPUT 2 | 8] ouTPUT 3 
TOP VIEW 
ORDER NUMBERS 

LM124N LM224N LM324N 

LM124F LM224F LM324F 

SA534N SA534F LM324D 


LINEAR LSI PRODUCTS 


LOW POWERQUADOPAMP  —ss—iéts -LM124/224/324/SA534 


DC ELECTRICAL CHARACTERISTICS Vv + =5v, T, = 25°C unless otherwise specified. 


PARAMETER TEST CONDITIONS ee eeeenoee UNIT 
| Min | Typ ae ar 


Vos Offset voltage’ ~~ SRemOne +5 +7 | mV 
Rg = 02, over temp. . : a ae +9 mV 


lgiag Input current2 Liy(-+) OF lin) | 150 45 nA 
lin( +) OF lin(—), Over temp. a a 


los Offset current ln( +) - ae = — = a ee 
lin( + O— lin(~ ), Ae temp. + 100 + 150 nA 


log Drift | Overtemp, | Overtemp, = Os aaa ~ C 
Hos_brft_ mode voltage | V+ =30V ve 1,5 V+—-—1.5 
range? V+ =30V, over temp. V+-2 V+—2 
Curr Common mode 
rejection ratio 
Vour Output voltage swing R, = 2kQ, V+ = + 30V, 
over temp. 


Won |S KD, over tome, | ar] eC) 
Se eee Se A BO 


loc Supply current R, = 0, Voc= 30V, over temp. 1.5 2 mA 
R, = o, on all op amps, 0.7 1.2 
25 | vimV 
VimvV 


Large signal voltage 
gain 


V+=+15V (for large Vo swing), 
R, = 2kQ 

V+ =+15V (for large Vo swing), 

R, = 2kQ, over temp. 


f= 1kHz to 20kHz, 
input referred 


Avot 


Amplifier-to-amplifier 
coupling? 


over temp. 


= 
on 


Output current 


Source Vint = +1Vdce, Viy— =OVdc, 20 20. 40 mA 
V+ = 15Vdc 
Vint = +1Vdce, Vint =O0Vdc, 10 10 20 mA 
V+ = 15Vdc, over temp. 
Vin- = +1Vdc, Vint =0Vdc, 10 20 mA 
. V+ = 15Vdc 
Vine = +1Vdc, Vint = O0Vdc, 5 8 mA 
V+ = 15Vdc, over temp. 
Vint =OVdc, Vin—- = + 1Vdc, 12 50 pA 


Vo= = 200MV 


Isc Short circuit current* 


Differential input 
voltage® 


GBW Unity gain bandwidth 


Noise Input noise voltage Ta = 25°C, f= 1kHz 


NOTES 

1.Vo = 1.4Vdc, Rg = 02 with V+ from 5V to 30V and over full input common mode range (QVdc + to V+ — 1.5¥). 

The direction ‘of the input current is out of the IC due to the pnp input stage. This current is essentially constant, independent of the state of the output so no loading change 

exists on the input fines. 

3. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + 
~ 1.5, but either or both inputs can go to + 32V without damage. 

. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of the magnitude 
of V+. At values of supply voltage in excess of + 15Vdc continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive 
dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of 

Capacitive increases at higher frequencies. 
§. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ 
— 1.5V, but either or both inputs can go to + 32Vdc without damage. 


iS 


ps 
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LINEAR LS} PRODUCTS 


LOW POWER QUAD OP AMP LM124/224/324/SA534 


EQUIVALENT SCHEMATIC 


INPUTS 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT OUTPUT CHARACTERISTICS 
CURRENT SOURCING 


{ ' ‘ 
INDEPENDENT OF Vt 
Ta = +25°C 


OUTPUT CURRENT (mAdc) 


SUPPLY CURRENT DRAIN (mAdc) 
nN 
V.\ — OUTPUT VOLTAGE 
REFERENCED TO V+ (Voc) 


1 
0.001 = 0.01 0.1 1 10 100 -§§ -35 -15 5 25 45 65 85 105 125 


0 10 20 30 40 
SUPPLY VOLTAGE (Vdc) lo* - OUTPUT SOURCE CURRENT (mApc) TEMPERATURE (°C) 
VOLTAGE GAIN OUTPUT CHARACTERISTICS OPEN LOOP FREQUENCY RESPONSE 
CURRENT SINKING 


vt = +5 Voc 
vt STIS 
v+ = +30Vpc 


— 


Vo — OUTPUT VOLTAGE (Voc) 


Ayoy — VOLTAGE GAIN (dB) 


Na 


9001 O.0F ON : ° 7 + 10 100 1K 10K 100K 1M 10M 
Io — OUTPUT SINK CURRENT (mApc) paESORNEY (Hi) 


SUPPLY VOLTAGE (Vdc) 
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LINEAR LSI PRODUCTS 


LOW POWER QUAD OP AMP — LM124/224/324/SA534 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


LARGE SIGNAL VOLTAGE FOLLOWER INPUT VOLTAGE RANGE 
FREQUENCY RESPONSE PULSE RESPONSE 


15 Vde 9 100K 


OUTPUT VOLTAGE (V) 


Vo — OUTPUT SWING (Vp-p) 
+Vyy — INPUT VOLTAGE (+ Voc) 


INPUT VOLTAGE (V) 


v+ OR V~ - POWER SUPPLY VOLTAGE (+ Vpc) 


10K 100K 
FREQUENCY (Hz) 


TIME (us) 


INPUT CURRENT COMMON MODE REJECTION VOLTAGE FOLLOWER PULSE 
RESPONSE (SMALL SIGNAL) 


500 


Ta = +25°C 
vt+ = +30Vpc 


ig -INPUT CURRENT (nApc) 
CMRR — COMMON-MODE REJECTION RATIO (dB) 


0 
-55 -35 -15 5 25 45 65 85 105 125 
Ta — TEMPERATURE (°C) t — FREQUENCY (Hz) t - TIME (18) 


TYPICAL APPLICATIONS 


SINGLE SUPPLY INVERTING AMPLIFIER NON-INVERTING AMPLIFIER INPUT BIASING VOLTAGE FOLLOWER 


LINEAR LS! PRODUCTS 


LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM4158/258/358 


DESCRIPTION 


The 532/358 consists of two independent, 
high gain, internally frequency compensat- 
ed operational amplifiers designed specifi- 
cally to operate from a single power supply 
over a wide range of voltages. Operation 
from dual power supplies is also possible 
and the low power supply current drain is 
independent of the magnitude of the power 
supply voltage. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage, V+ 
Differential input voitage 
Input voltage 
Power dissipation! 

FE package 

H package 

N package 


Output short-circuit to GNDS 
V+ < 15 Vde and Ta = 25°C 
Operating temperature range 
NE532/LM358& 
LM258 
SA532N 
SE532/LM158 
Storage temperature range 
Lead temperature 
(soldering, 10sec) 


EQUIVALENT CIRCUIT 


“0 Qi 
INPUTS ae 
+ © 


Qs 1 Q 


FEATURES 


Internally frequency compensated for 
unity gain 


e Large dc voltage gain—(100dB) 
e Wide bandwidth (unity gain) —1MHz 


(temperature compensated) 
Wide power supply range 
single supply—(3Vdc to 30Vdc) 
or dual supplies—(+1.5Vdc to 
+15Vdc) 
Very low supply current drain (400uA)— 
essentially independent of supply volt- 
age (1mW/op amp at +5Vdc) 
Low input biasing current—(45nA dc 
temperature compensated) 
Low input offset voltage—(2mVdc) and 
offset current—(5nA dc) 


32 or +16 
32 
-0.3 to +32 


900 
680 
500 


Continuous 


0 to +70 
-25 to +85 
-40 to +85 
-55 to +125 


-65 to +150 
300 


Rsc 
© OUTPUT 


2 Q13 


50uA 


Q12 ew) 


© Differential input voltage range equal to 
the power supply voltage 

e Large output voltage—(0Vdc to V+—- 
1.5Vdc swing) 

© SE532 MIL-STD-883A,B,C available 


UNIQUE FEATURES 


In the linear mode the input common-mode 
voltage range includes ground and the out- 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre- 
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 


PIN CONFIGURATIONS 


D,FE,N PACKAGE 


INVERTING 
INPUT A 2 | 


NON INVERTING 
INPUT A 3 | 


V- 


INVERTING 

6 | INPUT B 
NON INVERTING 
INPUT B 


TOP VIEW 


ORDER NUMBERS ; 
LM158N, FE NE532D, N, FE 
LM258N, FE SA532FE, N 
LM358D,N,FE SE532N, FE 


H PACKAGE’ 


V+ 


OUTPUTA (1) (7) 
| ; | INVERTING 
w) X32 O INPUT B 


NON INVERTING (3) 
INPUT A 


OUTPUT B 


INVERTING 
INPUT A 


NON INVERTING 
INPUT B 


ORDER NUMBERS 
LM158/258/358H 
NE/SE532H 
“Metal cans (H) not recommended for new designs 


LINEAR LSI PRODUCTS 


LOW POWER DUAL OPERATIONAL AMPLIFIERS —SA/SE/NE532/LM158/258/358 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, V+ = +5V unless otherwise specified. aoe 
REGARD MOSS 
PARAMETER TEST CONDITIONS 


Rs <= 02 ~ + 5 . 
<= 00, over temp. +7 


[overtone dd 


i Input current? liy(+) OF ee ) 150 ‘| 45 [ 250 | na 
Over temp. lin( +) oF lin(—) 300 40 | 500 nA | 
OkO, V+ =30V, over temp. 


iVom Common mode voltage 
range® 
Curr Common mode rejection 
ratio 
ca 
a7 27 
Vour Output voltage swing (Vo) R_ = 10kQ, over temp. 
loc Supply current Ri = 0, V+ =30V 1.0 2.0 1.0 2.0 
R, = oo on all amplifiers, 05 1.2 0.5 1.2 
over temp. 
Avo. Large signal voitage Ri = 2kQ, Voyr+ 10V, V+ = 15V 25 VimV 
gain (for large Vo swing) over temp. 15 VimV 
PSRR Supply Soliaae rejection 
| ratio 
Amplifier-to-amplifier f= 1kHz to 20kHz ~ 120 ~ 120 
(input referred) 


coupling4 
Output current Ving = +1Vdc, Vin. =O0Vdc, 
V+ = 15Vdce 


Source 
Ving, = + 1Vde, Vin_ =OVdc, 


V+ =30V 
Over temp., V+ =30V 


V+ =30V 


Vout Output voltage swing (Von) kQ, V+ = 30V, over temp. 


R= 2 
Ri = 1 


= 
= 


10 20 10 20 mA 


V+ =15Vdc, over temp. 
Vin- = + 1Vdc, Ving = O0Vde, 
V+ =15Vde 10 20 10 20 mA 
Vin — = + 1Vdc, VIN + = 0Vdc,. 
V+ =15Vdc, over temp. : : : ms 
Vin + = OV, Vin - = 1Vde, 12 50 12 50 pA 


Vo = 200mV 


jeg Shon cveuteuwen®@ —[SSC~C~—SCSC*d 
Cis enareaeiomnoe aes 
(GBW Unity gain bendwiath | Tana 
SR sews | amteroY 


NOTES 

. Vo = 1.4V, Rg = 00 with V+ from 5V to 30V; and over the full input common-mode range (OV to V + — 1.5V). 

. The direction of the input current is out of the IC due og the pnp input stage. This current is essentially constant, independent of the state of the output so no loading change 
exists on the Input lines. 

. The input common-mode voitage or either input ieeai voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is 
V+ -1.5V, but either or both inputs can go to + 32V without damage. 

. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type 
of capacitance coupling increases at higher frequencies. 

. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of the magnitude 
of V+. At values of supply voltage in excess of + 15Vdc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. 

. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is 
V+ — 1.5V, buteither or both inputs can go to + 32Vde without damage. 

. For operating at high temperatures, all devices must be derated based ona + 125°C maximum junction temperature and a thermal resistance of 175°G/W which applies for the 
device soldered in a printed circuit board, operating in a still air ambient. 


PR — 


oe 


> 


a 
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LINEAR LSI PRODUCTS 


LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM4158/258/358 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT CURRENT LIMITING VOLTAGE GAIN 


g 
q 
= 
; 
E 
0 10 20 30 40 ar —-35 -15 5 25 45 65 8S 105 125 
SUPPLY VOLTAGE (Vpc) TEMPERATURE (°C) SUPPLY VOLTAGE (Voc) 
OPEN LOOP FREQUENCY LARGE SIGNAL FREQUENCY VOLTAGE FOLLOWER PULSE 
RESPONSE RESPONSE RESPONSE 
140 po 
120 ae eae 


O.tut]” Pay 
| INS Vcd OO Vo 
ag SN in rv+/21 
> B80 camara aeree 


OUTPUT VOLTAGE (Vv) 


a é 
g 60 NN V+ = 30 ‘pc AND = 
a 55°C < Ta < +125°C ~~ 
ING s 
. Ne ee 
° - 
55 vt = 10 to 15 voc AND = 8 
—ssC <Ta< +125°C \I = 
0 Sines ee 
1 10 100 1K 10K 100K 1M 10M 6 
FREQUENCY (Hz) ig ee ana sik 
FREQUENCY (Hz) TIME (us) a 
VOLTAGE FOLLCWER PULSE OUTPUT CHARACTERISTICS OUTPUT CHARACTERISTICS 
RESPONSE (SMA. SIGNAL) CURRENT SOURCING. CURRENT SINKING 
| vt = +5 Voc 
vt = +15 V 
Pa e) vt= +30 ne 
z 2g 7 
< hes 5 
35 3 
= 5a 5 
E Eg E 
8 38 3 0.1 
g oY S 
Ta = 425°C 
v+ = +3¢ Voc 
1 0.01 
0.001 0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100 


t — TIME (ys) ligt - OUTPUS SOURCE CURRENT (mAnc) ig — OUTPUT SINK CURRENT (mApc) 
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LINEAR LSI PRODUCTS 


LOW POWER DUAL OPERATIONAL AMPLIFIERS SA/SE/NE532/LM158/258/358 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


INPUT VOLTAGE RANGE INPUT CURRENT COMMON MODE REJECTION 


120 


+Vin — INPUT VOLTAGE (+ Vpc) 
lg -INPUT CURRENT (nApc) 


CMRR — COMMON-MODE REJECTION RATIO (dB) 


0 
-55 -35 -15 5 25 45 65 85 105 125 
v+ OR V— -POWER SUPPLY VOLTAGE ( + Voc) Ta — TEMPERATURE (°C) t — FREQUENCY (Hz) 


TYPICAL APPLICATIONS 


SINGLE SUPPLY INVERTING AMPLIFIER INPUT BIASING *VOLTAGE FOLLOWER 


BLOCKS 
OC. 


GAIN 


am 
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LINEAR LS! PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MC4155 


DESCRIPTION FEATURES PIN CONFIGURATIONS 


The MC1458 is a high performance Internal frequency compensation 
operational amplifier with high open loop Short circuit protection 

gain, internal compensation, high common Excellent temperature stability 
mode range and exceptional temperature High input voltage range 


Stability. The MC1458 is short-circuit pro- No latch-up | OUTPUT A Sota 
tected and allows for nulling of offset vol- 1558/1458 are 2 “op amps” in space of NV ERIING Pal= 


\.¢-// 
tage. one 741 package | NON-INVERTING p= | Ls AN INVERTING 
| © MC1558 MIL-STD-883A,B,C available inpuT A L3 as INPUT 8 
The MC1458/SA1458/MC1558 consists of a Ps] NON-INVERTING 


D,N, PACKAGE 


V- 


pair of 741 cperational ampliifiers on asingle INPUT B 
chip. TOP VIEW 
ORDER NUMBERS 
MC1458N 
ABSOLUTE MAXIMUM RATINGS ppt 


PARAMETER RATING UNIT 


Supply voitage 


MC1458 +18 
SA1458 +18 H PACKAGE’ 
MC1558 +22 
Internal power dissipation 
N package 500 
H package! 800 OUTPUT A 
F,FE package 1000 inventinc | @/ INVERTING 
Differential input voltage +30 INPUT A sph 
Input voltage2 aay FS) NON-INVERTING \ — | NON-INVERTING 
Output short-circuit duration Continuous TE Aer Ngee pee 


Operating temperature range 


MC1458 0 to +70 

neice eee aver iall 

MC1558 -55to+125 ie ieeess 
Storage temperature range ~65 to+150 


“Metal cans (H) not recommended for new designs 


Lead temperature (soldering 60sec) 300 


NOTES 


1. Ratings based on thermal resistances, junction to ambient, of 240°C/W, 
150°C/W, 110°C/W for N, H, F and FE packages respectively, and a maximum 
junction temperature of 150°C. 

2. Forsupply voltages less than t15V, the absolute maximum input voltage is equal to the 
supply voltage. 


EQUIVALENT SCHEMATIC 


AMPLIFIER “A” OF MC1458, SA1458, MC1558 


NON-INVERTING 
INPUT 


Ry Ro 
1KQ ? 50k0 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER MCI/SA1458/MC1558 © 


DC ELECTRICAL CHARACTERISTICS 1, = 25°c, Va= + 15, unless otherwise specified. 


PARAMETER TEST CONDITIONS eee! oT eae UNIT 
CO es 
Vos Offset voltage Rg = 10kQ 1.0 Hy 
Rg = 10k, over temperature 
AVos Orfset voltage Over temperature iv ~ 
los Offset current 200 
Over temperature 500 
Alos Offset current Over temperature = ~ na 
IBias Input bias current 500 
Over temperature 1500 
Bias current Over temperature 1.0 nl 
_ Output voltage swing R, = 10kQ, over temperature + 12 
R, = 2kQ, over temperature + 10 


Avot Large signal voitage gain R. = 2kQ, Vo = + 10V Ta 
R. = 2kQ, Vo = + 10V, over temperature on 


Offset voltage adjustment range ee 
PSAA supply voltage election ratio | ate 0 
CMRR Common mode rejection ratio a ae eee 
| loc Supply current | o| 
| Viv inputvoltagerange | | 8 v 


Py Power consumption 
Channel separation 


120 dB 
i 75 Q 
Isc Output short-circuit current 10 26 mA 


Rour Output resistance 


DC ELECTRICAL CHARACTERISTICS (Cont'd) T, = 25°C, Vog = + 15V, unless otherwise specified. ' 


PARAMETER TEST CONDITIONS cle adda UNIT 
Min Max | Min | Typ | Max 
Vos Offset voltage Reg = 10k2 2.0 6.0 2.0 6.0 mV 
Re = 10kQ, over temp. 7.5 1:9 mV 
AVos Offset voltage | Over temperature 12 12 pVi°C 
los Offset current 20 20 200 nA 
0.10 
80 
1.0 
ae 
13 


Over temperature 
Over temperature 


Alos Offset current 
Input bias current 


lgias 
Over temperature 


Over temperature 


Alp Bias current 


500 nA 
ae 


Vout Output voltage swing R, = 10k2 +12 
Ri = 2kQ, over temp. +10 


Large signal voltage gain Ry = 2kQ2, Vo = + 10V 25 a 
R, = 2kQ, Vo = + 10V, 15 
Over temperature 


Avot 


ie] WN 
Oo oO oO 
oO oOo 


+12 
a 

20 
ae 
ae 
feel 


V 

V | 

Offset voltage adjustment range Rod + 30 1 +30 { | mv | 

PSRR Supply voltage rejection ratio Rg < 10k22 | | 30 | 150 150 

CMRR Common mode rejection ratio | 70 | 90 | | | 90 | | dB | 

icc ___ Supply current fas [se | [2a | se | ma_ 
VIN input voltage range +13 | +12 | +13 V 
Rin input resistance MQ 

Ps Power consumption ee re ico 
Channel separation 120 120 dB 

Isc Output short-circuit current | 25 | 25 mA | 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA1458/MC1558 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vg= + 15V, unless otherwise specified. 
: MC1458, SA1458, MC1558 | 


Cc 
= 
= 


| PARAMETER | TEST CONDITIONS ae 
Equivalent input noise voltage Ay = 100, Rg = 10k, By = 1.0KHz, f= 1.0kHz re ee ee 
Power bandwidth | | Ay=t, RL =2.0k9, THD < 5%, Vour=20ve-p | sf ta sdk 
Phase margin ae ee ee degrees 
Transient response unity gain Vin = 20mV, R, = 2kQ, C, < 100pF 
Rise time 0.3 us 
Overshoot _ 5.0 Ls %o 
Slew rate C s 100pF, Ry = 2k, Viyn= + 10V 0.8 Vins 
TYPICAL PERFORMANCE CHARACTERISTICS 
OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE POWER CONSUMPTION 


AS A FUNCTION OF RANGE AS A FUNCTION OF AS A FUNCTION OF 
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE 


40, +. —— 
~55°C < Ta < + 125°C 


> 
> +1 
| 36+ A, = ako | = 
g 90 i. || L é ; 
zB 28 | Pa a. & 5 
= a Fi 2 : 
f= 
> 20 ae ae 2 
St Ga eal Z 
a 42 gs a O 
a. | ro) aa 
o 8 y = = 
fo P 4 
i ee i a : 
y ae ae = 
5 10 15 20 ° 
SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V 
INPUT BIAS CURRENT INPUT RESISTANCE INPUT OFFSET CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE SUPPLY VOLTAGE 


40 


Vg= +15V < 
P Revel teeter 
r - 
| E 30 
2 uw Ww 
ta oO i 
« z ee 
x < 2 
2 a Oo 20 
” 
< cc in 
© - i. 
5 z 2 40} 
z = = 
~66 -20 20 60 100 140 -60 -20 20 60 100 140 5 10 415 20 
TEMPERATURE — °C 


TEMPERATURE — °C SUPPLY VOLTAGE — =V 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER MC/SA4458/MC1558 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) | 
INPUT OFFSET CURRENT POWER CONSUMPTION OUTPUT VOLTAGE SWING 


AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE 
> 

4 
¢ i : 
| | z 
a 
c = = 
= > - 
3 2 8 
2 8 x“ 
5 wi a 
= 3 e 
a a. 4 
S < 
a. 
0.1 0.2 0.5 10 2.0 5.0 10 
TEMPERATURE — °C TEMPERATURE — °C LOAD RESISTANCE — kf 
OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE INPUT NOISE CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 


AMBIENT TEMPERATURE FREQUENCY FREQUENCY 


35 


SHORT CIRCUIT CURRENT — mA 
MEAN SQUARE VOLTAGE — V2Hz 
MEAN SQUARE CURRENT — A?Hz 


15 
pay 
Pee a) ed Ce Pe 


~60 -20 20 60 100 140 


TEMPERATURE — °C FREQUENCY — Hz FREQUENCY — Hz 
BROADBAND NOISE FOR OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE 
VARIOUS BANDWIDTHS AS A FUNCTION OF AS A FUNCTION OF 

FREQUENCY FREQUENCY 

” 

E 

> 

x 

| 

- 

- 

a 

Zz =) rt 

2 q Z 

ra) o 9 

ul . % 

a $ a 

al 

2] 

o 

z 

ad 

< 

© 1 10 100 1K 10K 100K 1M 10M 1 10 100 1K 10K 100K 1M 10M 

SOURCE RESISTANCE — 2 FREQUENCY — Hz FREQUENCY — Hz 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER 


MC/SA1458/MC1558 


TYPICAL PERFORMANCE CHARACTERISTICS 


PEAK-TO-PEAK OUTPUT SWING — V 


Vout OUTPUT VOLTAGE (Vp-p) 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


FREQUENCY — Hz 


POWER BANDWIDTH 
(Large Signal Swing vs Frequency) 


(VOLTAGE FOLLOWER) 
+15 VOLT SUPPLIES 
THD < 5% 


100 1K 10K 


FREQUENCY — Hz 


COMMON MODE REJECTION RATE — dB 


(Cont'd) 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


10 100 1K 10K 100K 1M 10M 


FREQUENCY — Hz 


OUTPUT — mV 


TRANSIENT RESPONSE 


Vs= + 15V 
Ta = 25°C 


ee: 


= ee 
Oo aa ee 
0 


10 1.5 2.0 
TIME — 5s 
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LINEAR LS! PRODUCTS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


C3303/3403/3503 


DESCRIPTION 


The MC3403 is a quad operational amplifier 
with true differential inputs. The device has 
elecirical characteristics similar to the pop- 
ular u.A741. However, the MC3403 has sev- 
eral distinct advantages over standard op- 
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voitages as low as 3.0V or as high as 
32V. The common mode input range in- 
cludes the negative supply, thereby elimi- 
nating the necessity for external biasing 
components in many applications. The out- 
put voltage range also includes the nega- 
tive power supply voltage. 


ABSOLUTE MAXIMUM RATINGS 


Power supply voltages (3) 
Single supply 
Split supplies 


Voc 
Vec 
Veg 


Vior 


Storage temperature range 
Ceramic package 
Plastic package 


T stg 


Tp 
MC3503 
MC3403 
MC3303 


Junction temperature 
Ceramic package 
Plastic package 


Ty 


NOTES 
1. Split power supplies. 


SYMBOL AND PARAMETER | 


Input differential voltage range!) 


Vicn Input common mode voltage range!’)?) | 


Operating ambient temperature range 


FEATURES 


e Short circult protected outputs 


® Class AB output stage for minimal cross- 
over distortion 


¢ True differential Input stage 

e Single supply operation: 3.0 to 32V 

e Split supply operation: +1.5 to + 16V 
¢ Low input blas currents: 500nA max 

e Four amplifiers per package 

° Internally compensated 


RATING _ 


- 65 to + 150 
— 55 to +125 


— 55 to +125 
Oto +70 
- 40 to +85 


2. For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Device not functional for single supply. >32V or split supply > + 16V 


CIRCUIT SCHEMATIC (1/4 Shown) 
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BIAS CIRCUITRY 
COMMON TO FOUR 
AMPLIFIERS 


R2 | 
37K | Q11 


Q10 


PIN CONFIGURATION 


D, F, N PACKAGES 


inputs {LE} 
alr 


TOP VIEW 


ORDER NUMBERS 
MC34030 MC3503F 
MC3403F 
MC3403N 


MC3303F 
MC3303N 


SINGLE SUPPLY 
3.0V to 36V 


LINEAR LSI PRODUCTS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


ELECTRICAL CHARACTERISTICS (Voc= + 15V, Veg = — 15V for MC3503, MC3403; Vog= + 14V, Veg = GND for MC3303. 


T, = 25°C unless otherwise noted) 
SYMBOL AND PARAMETER 


TEST MC3403 
Vio Input offset voltage 


| Ss MC3503_— | MC3303— 
CONDITIONS [Win] Typ [Max | Min] Typ [Max | Win] Typ | Max. 


10 8.0 mV 
‘Ta= Tigh to TLow 12 10 


ho Input offset current 30 75 nA 
AAS THIGH to TLow S02 
Avo. Large signal open- Vo= + 10V, 20 200 — | VimVv 
loop voltage gain R, = 2.0kQ 


Ta= THich tO TLow 


lip Input bias current. 
Ta= Tigh to Tow 
Zz; Output impedance 
Z; Input impedance 
Vor Output vo!tage 
range 
Vier Input common mode 


+ 13V| + 13.5V + 12V] + 12.5V 

voltage range rs - we — Vee ~Vee} — Vee 
CMRR Common mode Rs <= 10kQ re) ao 90 70 

rejection ratio : 
loc, lee + Power supply hee 

current (V, = 0) = 
Alg/A A= nich helpless Low Hic th Det 7 | mA | 
wr Soin a ded eld Me ri ‘ede 


short circuit eunente 
a: Sc Sl el Sd 
SEE EE 


supply rejection ratio | 
a a a ee 


PSRR-— Negative power 
__ Supply rejection ratio | 
[ta High to Tow 
Alip/AT Average temperature | Ta= Tigh tO TLow pA/°C 
coeficient of input 6 
offset current eee 
AViog/MT Average temperature | Ta = Tyigh to TLow pVi°PC 
coefficient of input 
offset voltage | | 
BWp ’ 2 


Power bandwidth 


PSRR + 


Vo eee 
Vo= 20V(p-p) 
THD=5% 
Ay=1, RL = 10kQ, 


Small signal 


1.0 1.0 me 
bandwidth V = 50mV 
SR Slew rate Ay= 1, Vi= —10V Vins 
to + 10V 
ee ee ee ee ke 
tTHL Fall time Ay = 1, R, = = 10kQ, BS 
: V,= 50mvV 


Overshoot A,y= 1, Ry = 10kQ, 
V,= 50mV 
Phase margin Ay= 1, R= 2.0k2, 50 
C, = 200pF 
Crossover distortion | Vj,=30mV(p-p), 1.0 
Vout = 2.0V(p-p), 
f = 10kHz 
NOTES: 


1. THIGH = 125°C for MC3503, 70°C for MC3303. TLOw= ~ 55°C for MC3503, 0°C for MC3403, — 40°C for MC3303. 
2. Not to exceed maximum package power dissipation. 
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LINEAR LSI PRODUCTS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS _ MC3303/3403/3503 


ELECTRICAL CHARACTERISTICS (V.¢=5.0V, V-= GND, T, = 25°C unless otherwise noted.) 


[——weasos [| _-wesa0s | weas 
SYMBOL AND PARAMETER Presale a a a UNIT | 
Input blas current ee 


+Ayo. Large signal open: ee 2.0kQ = —- 10 VimV 
loop voltage gain 
PSRR Power supply 150 | 150 150 | »V/IV 
rejection ratio | 


Vor Output voltage R, = 10kQ, 3.5 3.5 Vp-p 
Voc = 5.0V 
R, = 10kQ, Veco Veco | Vee 
5.0V sVoos30V Saal ~1.7 | ~—1.5 


range() 
leg —_Powersuppiyeurent [| P70 | — | 28 | 70 | ma 


Channel separation | f=1.0kHz to 20kHz ~ 25. — 120 | dB 
(Input referenced) 


NOTE 
3. Output will swing to ground. 


‘TYPICAL PERFORMANCE CURVES 


INVERTER PULSE RESPONSE SINE WAVE RESPONSE 


OO A 


*Note Class AB output stage 
produces distortiontoss sine wave. 


20usidiv. 50usidiv. 


OPEN LOOP FREQUENCY OUTPUT SWING vs 
RESPONSE POWER BANDWIDTH SUPPLY VOLTAGE 


BRTGRTR OI 
160 

san i HGR 
TT 


RANGE (V p-p) 


Avo., LARGE-SIGNAL 
OPEN-LOOP VOLTAGE GAIN (dB) 
Vor, OUTPUT VOLTAGE 


il 


At TTT STIMELEGA 
9 COCCI CMCC 


oe lll Dan S| 

ae Eiht it 

1.0 10 100 1.0K 10K 100K 1.0M 10K 100K 1.0M 0 2.0 4.0 6.0 8.0 10 12 14 16 18 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) Voc AND Vee 

POWER SUPPLY VOLTAGES (V) 


Vo, OUTPUT VOLTAGE (V p-p) 
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LINEAR LSI PRODUCTS 


QUAD LOW POWER OPERATIONAL AMPLIFIERS MC3303/3403/3503 


TYPICAL PERFORMANCE CURVES (Continued) 


INPUT BIAS CURRENT vs 
TEMPERATURE 


Vecmiey oT 
Veem -16V_) I | 
tTamzsec | | | | 


a 
o 
oS 


Pree ot a FO 
is ae 


g 
= 
2 
VT 
« 
« 
= 
oO 
” 
s 
a 
~ 
—] 
-% 
z 
2 


T, TEMPERATURE (°C) 


INPUT BIAS CURRENT vs 
SUPPLY VOLTAGE 


he, INPUT BIAS CURRENT (nA) 


160 
0 2.04060 8 10 12 14 16 


Voc AND Veg, 
POWER SUPPLY VOLTAGES (V) 


*For additional information, consult the Applications Section. 
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LINEAR LSI PRODUCTS 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER _ 


DESCRIPTION 


The 4558 is a dual operational amplifier 
internally compensated. The use of planar 
epitaxial process for silicon chip construc- 
tion gives the IC unique performance char- 
acteristics. 


Excellent channel separation allows the use 


of a dual device in a single amp application, . 


providing the highest packaging density. The 
SA/SE/NE4558 is a pin for pin replacement 
for the RC/RM/RV4558.. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Supply voltage 
SE4558: 
NE4558, SA4558: 


Internal power dissipation (Note 1) 
Differential input voitage 

Input voltage (Note 2) 

Storage ternperature range 


Operating temperature range 
SE4558: 
SA4558: 
NE4558: 


Lead temperature (soldering, 60s) 
Output short circuit duration (Note 3) 
NOTES 


1. Rating applies for case temoeratures to + 125°C; derate linearly 3t 5.6 mw/°C for ambient temperatures above + 75°C 


for SE4558. 


FEATURES 


e 2MHz unity gain bandwidth guaranteed 


e Supply voltage + 22V for SE4558 and 
+ 18V for NE4558 


¢ Short circuit protection 
e No frequency compensation required 
e No latch-up 


e Large common mode and differential 
voltage ranges 


e Low power consumption 


+ 22 V 
+18 V 
500 mw 
+ 30 V 
+15 V 
— 65 to + 150 °C 
— 55 to + 125 °C 
-— 40 to +85 °C 
0 to +70 °C 
300 °C 
Indefinite 


2. For supply voltages less than + 15V, the absolute maximum input voltage is equa! to the supply voltage. 


3. Short circuit may be to ground on one amp only. Rating applies to + 125°C case temperature or + 75°C ambient tem- 


perature for NE4558 and to + 85°C ambient temperature for SA4558. 


EQUIVALENT SCHEMATIC 
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SA/SE/NE4558 


PIN CONFIGURATION 
poe oy 
D, FE, N PACKAGES 


TOP VIEW 


ORDER NUMBERS 


NE4558D 
NE4558FE 
NE4558N 


SA4558FE 
SE4558FE 
SA4558N 


OUTPUT 1(7) 


LINEAR LS! PRODUCTS 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER SA/SE/NE4558 


ELECTRICAL CHARACTERISTICS Vo¢= + 15V, a 25°C unless otherwise specified. 
TEST SA/NE4558 


Tea otentvonge | ea [ve so] fa ea] 
input offsercurent TT 
Ce ae 8 


areas ae ee Se he 


1.0 
Large signal voltage gain AL = 2Ko 50,000 | 300,000 20,000 |. 300,000 
Vout = + 10V 
R, = 10kQ +12 +12 +14 
meee [RE Talat atat i 
| Input voltagerange voltage range pf 2 | pf 2 | - | 13 | 


ae re ee 
[Power consumption all ameiifers) | _R=e | | woo | wo || 10 | 170 


aca = 20mV 
Transient response (unity gain) R, = 2KQ 
CL s 100pF 
Risetime 100 100 bs 
Overshoot 18. 0 el 0 


Slew rate (unity gain) Ri = 2kQ et iO ae 


le 


Unity gain bandwidth | Unity gain bandwidth (gain=1) | 1) 


a 


The following specifications apply for —-55°C < T, = + 125°C for SE4558; O°C < T, s +70°C for NE4558; —- 40°C <T, <= +85°C 
'for SA4558 


[input offsetvotage —~S~=~éirtCia to CSC‘ C*idSC“‘dSVS YC 
ere Pte 


out= + 10 


Output voltage swing R, = 2kQ ae aaa! 


Vs= + 15V 
150 90 150 
Power consumption Ta = HIGH 
—— Ta= LOW SoneooG 


*SA4558 
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LINEAR LSI PRODUCTS 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


TYPICAL PERFORMANCE CURVES 


INPUT BIAS CURRENT AS A 
FUNCTION OF AMBIENT 
TEMPERATURE 


INPUT BIAS CURRENT (JA) 


0 
0 10 20 30 40 50 60 70 
TEMPERATURE (°C) 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


VOLTAGE GAIN (dB) 


1 10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


TYPICAL OUTPUT VOLTAGE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


LL 


Ds 
LD 


OUTPUT SWING (V) 


4 6 8 10 12 14 16 18 
SUPPLY VOLTAGE (V) 
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INPUT OFFSET CURRENT AS 
A FUNCTION OF AMBIENT 
TEMPERATURE 


INPUT OFFSET CURRENT (uA) 


0 
0 10 20 30 40 50 60 70 
TEMPERATURE (°C) 


OPEN LOOP GAIN ASA 
FUNCTION OF 
TEMPERATURE 


VOLTAGE GAIN 
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OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 
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COMMON MODE RANGE AS 
A FUNCTION OF SUPPLY 
VOLTAGE 
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POWER CONSUMPTION AS 
A FUNCTION OF AMBIENT 
TEMPERATURE 
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LINEAR LSI PRODUCTS 


DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


TYPICAL PERFORMANCE CURVES (Continued) 
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FUNCTION OF 
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TOTAL HARMONIC DISTORTION vs 
OUTPUT VOLTAGE 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER 


SE/NE530 


a 


DESCRIPTION 

The 530 is a new generation operational 
amplifier featuring a high slew rate com- 
bined with improved input characteristics. 
Internally compensated, the SE530 guar- 
antees slew rates of 25V/us with 2mV max- 
imum offset voltage. Industry standard 
pinout and internal compensation allow 
the user to upgrade system performance 
by directly replacing general purpose 
amplifiers such as the 741 and LF356 
types. . 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Supply voltage 
SE530 
NE530 
Internal power dissipation 
N Package 
H Package 
FE Package 


Differential input voltage 

Input voltage 

Operating temperature range 
SE530 
NES530 

Storage temperature range 

Lead temperature range 
(Solder, 60sec) 

Output short circuit 
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FEATURES 


Gain bandwidth product—-3MHz 
35V/us slew rate (Gain = -1) 
internal frequency compensation 
Low input offset voltage 2mV max 
Low input bias current-60nA max 
Short circuit protection 

Offset null capability 


Large common mode and differential — 


voltage ranges 


~55 to +125 
0 to +70 
-65 to +150 
300 


Indefinite 


PIN CONFIGURATIONS 


FE,N PACKAGE 


OFFSET 
ADJUST 
INVERTING 
INPUT 

NON- INVERTING | 
INPUT 


V- 


OUTPUT 


OFFSET 
ADJUST 


TOP VIEW 


ORDER NUMBERS 
NES30FE, NES3ON 
SE530FE, SES30N 


H PACKAGE’ 


OFFSET 
AOJUST 


INVERTING 


OUTPUT 


OFFSET 
ADJUST 


NON -INVERTING 
INPUT 


ORDER NUMBERS 
. NE530H SE530H 
*Metal cans (H) not recommended for new designs. 


LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NE530 


DC ELECTRICAL CHARACTERISTICS |, = 25°C, Voc = + 15V unless otherwise specified.’ 


SE530 
PARAMETER TEST CONDITIONS min | UNIT 


Vos Input offset voltage Rg < 10k2 
Over temperature 


AVos Termperature coefficient of input Over temperature 3 15 pie 
offset voltage 


— 
we 
ao] 


Oo 
~“J 


Input offset curren: | 5 


Over temperature 
Over temperature 


Input offset current 


Inout bias current 


Over temperature 
Over temperature 


Input current 


Rin Input resistance 


Vom input common mode voltage ronge 


eer 


Avo. _ Large signal voitage gain > 2k, Vo= +10 


Vout Output voltage swing 


Isc Output short circuit current 


Rout Output resistance 


loc Supply current Each amplifier 
Over temperature 


CMRR Common mode rejection ratio Rg < 10k2 
Over temperature 


PSRR Power supply rejection ratio Rs < 10k 
Over ter iperature 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +15V unless otherwise specified. 


PARAMETER TEST CONDITIONS UNIT 
Transient Response 
Small signal rise time .06 O06 | uS 
Small signal overshoot 13 ; 13 % 
Settling time TO 0.1% (10V step) 0.9 0.9 us 
Slew rate +15V supply, Vo = +10V,Ri = 2k0! | | 
Unity gain inverting 25 | 35 20 35 V/us 


Unity gain non-inverting 18 V/LuS 


25 12 25 
Power bandwidth 5% THD, Vo = +10V, 360 500 280 500 kz 
RL = 2k) 


Input noise voltage f= 1kHz 30 | | 30 | | nvivAz| 


NOTE 
1. Operating temperature range for the SE530 is — 55°C to + 125°C 
Operating temperature range for the NE530 is 0°C to + 70°C. 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER -SE/NE530 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING INPUT COMMON MODE OUTPUT SHORT-CIRCUIT CURRENT 


AS A FUNCTION OF VOLTAGE RANGE ASA AS A FUNCTION OF 
SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE AMBIENT TEMPERATURE 


COMMON MODE VOLTAGE RANGE (:V) 
SHORT CIRCUIT CURRENT (mA) 


PEAK-TO-PEAK OUTPUT SWING (+V) 


10 
~ 60 ~20 20 80 100 140 


SUPPLY VOLTAGE (-V) SUPPLY VOLTAGE (*V) TEMPERATURE (°C) 
INPUT NOISE VOLTAGE INPUT NOISE CURRENT POWER CONSUMPTION 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

FREQUENCY FREQUENCY SUPPLY VOLTAGE 


(EACH AMPLIFIER) 


jz) 


Hz) 


POWER CONSUMPTION (mW) 


INPUT NOISE VOLTAGE (nV/ 
INPUT NOISE CURRENT (pA/ 


10 100 1K 10K 100K 
FREQUENCY (Hz) . FREQUENCY (Hz) SUPPLY VOLTAGE ( +V) 
INPUT BIAS CURRENT POWER CONSUMPTION OUTPUT VOLTAGE SWING 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 


AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE 


(EACH AMPLIFIER) 
TT ed ee a 
| Pea eis 


INPUT BIAS CURRENT (na) 
POWER CONSUMPTION (mW) 
PEAK-TO-PEAK OUTPUT SWING (-V) 
= 


- 60 -20 20 60 100 140 160 0.1 0.2 05 10 20 6.0 10 
der cued Cc) TEMPERATURE (°C) LOAD RESISTANCE (kQ) 
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LINEAR LS! PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER 


SE/NES30 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


NE530 OPEN-LOOP GAIN GAIN-BANDWIDTH PRODUCT 


AND PHASE vs FREQUENCY AND PHASE MARGIN vs 
LOAD CAPACITANCE 


GAIN (dB) 
PHASE (°C) 
PHASE MARGIN 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) C1 (pF) 


INPUT VOLTAGE STEP vs SLEW RATE—VOLTAGE FOLLOWER 
SETTLING TIME TO 10mV 


Vin= 210V 
SQUARE WAVE 220kHz 


ria 


WuS/DIV 
1.0 
SETTLING TIME (us) 


TYPICAL CIRCUIT CONNECTION 
OFFSET ADJUST CIRCUIT 


GBW (mHz) 


PEAK-TO-PEAK OUTPUT (V) 


POWER BANDWIDTH 


FREQUENCY (Hz) 


SLEW RATE (-1 AMPLIFIER) 


Vin= 210V 
SQUARE WAVE 220kHz 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NES30 


TEST LOAD CIRCUITS 


SLEW SATE AND SETTLING TIME HIGH SLEW RATE—VOLTAGE FOLLOWER 


OUTPUT 
7s 


INPUT 


i 
ae 
0.1) 55.F 
50K r ME 
: | 2K | 
15V — = 
| Pins not shown are not connected. 


| All resistor values are typical and tn ciims. 


| HIGH SLEW RATE—INVERTING AMPLIFIER | 
10K" 


-10V 


2.2uF 1 


; a 


= OUTPUT 


SUMMING INST6 


NODE OR EQUIV. 
Pins not shown are not connected. ‘Match to within 0.01%. 
| All resistor values are typical and in ohms. ‘*Open for slew rate. 


VOLTAGE WAVEFORMS 


SMALL SIGNAL TRANSIENT SLEW RATE—VOLTAGE FGLLOWER SLEW RATE—INVERTING AMPLIFIER 
RESPONSE DEFINITIONS 


*10 


INPUT | 
50°. 50° 


OVERSHOOT 


90°. 


TYP = 25Wus 


BETWEEN 5V 5 


v MEASURED 
one 5 BETWEEN 
‘5V AND ‘5V 
10 


OVERSHOOT Vos 
RISE TIME 


6-30 


LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER 


Se LS LTA NL 


SE/NE5S34 


DESCRIPTION 


The 5371 is a fast slewing high performance 
Operational amplifier which retains dc 
performance equai to the best general pur- 
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its smali signal response. The amplifier is 
compensated for truly negligibie overshoot 
with a single capacitor. in applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better smail signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa- 
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument- 
ation applications. 


EQUIVALENT SCHEMATIC 


OFFSET ! 
ADJUST 


FEATURES 


© 35V/usec slew rate at unity gain 

© Pin for pin replacement for .A709, .A748 
or LM101 

© Compensated with a single capacitor 

e Same low drift offset null circultry as 
pA741 

¢ Small signal bandwidth 1MHz 

e Large signal bandwidth 500KHz 

e True op amp dc characteristics make the 
531 the ideal answer to ai! slew rate lim- 
ited operational amplifier applications. 


Os (> 8 
OFFSET ADJUST FREQUENCY 
COMPENSATION 


PIN CONFIGURATIONS 


N,FE PACKAGE 


OFFSET NULL [7] 


ae 


TOP VIEW 
ORDER NUMBERS 
NES31N SE531N 
NES31FE SES531FE 


H PACKAGE* 
FREQ. COMP. 


@ Ove 


OFFseT NULL /Q) 
INVERTING INPUT eH >9 ouTPur 
CO. GB 
NON-INVERTING INPUT) @ \// OFFSET NULL 
ee 


y- 


ORDER NUMBERS 
NE531H/SE531H 


Qes 
4 Rog .04 


6 


18) FREQ. COMP. 


b————-©- OUTPUT 


| 


| 


*Metal cans (H) not recommended for naw designs 


ae cA eS ac Nr can ACY Aero Rare e AsA E 
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LINEAR LS} PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER can SE/NE534 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Supply voitage +22 
internal power dissipation! 300 
Differential input voltage +15 
Common mode input voitagee +15 
Voltage between offset null 

and V- +0.5 
Operating temperature range 

NE531 0 to +70 

SE531 -55 to +125 
Storage temperature range -65 to +150 
Lead temperature 

(soldering, 60 sec) 300 
Output short circuit duration3 indefinite 


NOTES 


1. Rating applies for case temperature to 125°C, derate linearly at 6.5mW/°C for ambient 
temperatures above +75°C. 

2. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or to +75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS v.= + 15V unless otherwise specified. 


arenes | sesot’ | NESSt | 
| tesreonpmons Typ Ee 


Rs = 10k, Ty = 25°C 
Rs s 10kQ, over temp 
Over temp 


PARAMETER 


| Vos Offset voltage 


Offset current Ta = 25°C 50 nA 
T,=HIGH nA 
Ta = LOW 300 nA 


Over temp 


me H+ 
oO ~~ 
oO w f 
bh (o>) 
G1 RO PO 
aes ooo 
oo oO 
wy Ht 
oO w 
So 
—h 
Oo 
© 
—_—hk ke 
Oo Oo 


Input current Ta = 25°C 500 1500 nA 
Ta = HIGH 500 1500 nA 
T,s= LOW 1500 2000 nA 
Over temp nAlcC 


Vom Common mode voltage range 
CMRR Common mode rejection ratio 


he 25°C 
Ta= 25°C, Rg s 10k0 
Over temp Rg s 10k 


Rin Input resistance | Ta = 25°C 
Vout Output voltage swing R_2= 10kQ, over temp 


log —- Supply current 


Qa a 


i+ 
— 
Oo 
I+ 
+ 
© 


_ 


Al 
—_ 
fon) 
+ 


300 
150 


Power consumption 


Po 
PSRR Power supply rejection ratio Ros 10k2, Ty = 25°C 
Rs = 10kQ, over temp 


Rout Output resistance Ta = 25°C 


Ayo. Large signal voltage gain Ty = 25°C, Ry = 10k, Voy7 = + 10V 


Ro = 10kQ, Vout= + 10V, over temp 


Vinn  !nput noise voltage | 25°C, f = 1kHz 
fc C‘;‘dYC“‘(‘(Ci;‘ SSOCC*' 


NOTE: 

1. Temperature range: 
SE531 - 55°C < Ta <= 125°C 
NE5310°C s Ta s 70°C 


NNN 
ooo 
ood, 
(o>) 


<< 
33 
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oi © 
i —e — 
ro) <<|33 
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fan) 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER SE/NES34 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified. 


| NES31 
ion | ae genera 


Full power bandwidth | soo | | fs |e 
Settling time (1%) Av = +1, Vin = +10V 1.5 1.5 uS 

(.1%) 2.5 2.5 Ss 
Large signal overshoot Av = +1, Vin = +10V 2 2 % 
Small signal overshoot Av = +1, Vin = 400mV 5 


Small signal risetime Av = +1, Vin = 400mV 


NOTE 
‘ 14. A AC testing is performed in the transient response test circuit. 


Av = 100 
Av = 10 
Av = 1 (noninverting) 
Av = 1 (inverting) 


TEST LOAD CIRCUITS 
OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS (Vs = +15V, Ta = +25°C, unless otherwise specified.) 


INPUT OFFSET INPUT BIAS CURRENT INPUT BIAS CURRENT ASA 
CURRENT AS A FUNCTION AS A FUNCTION FUNCTION OF SUPPLY VOLTAGE 
OF AMBIENT TEMPERATURE OF AMBIENT TEMPERATURE 


o 4 £4 

¢ 
5 2 : 
ww wd 2 
iq x ul 
§ s E 
oO oO > 
Ci ty g 
” ” < 
c re Fi 
ro) ro) - 
rr 5 = 
z a 2 
z 2 


TEMPERATURE — C TEMPERATURE - SUPPLY VOLTAGE — :V 
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LINEAR LSI PRODUCTS 


TYPICAL PERFORMANCE CHARACTERISTICS (cont'd) 


ANAC ORCA ENR BLOAT AORN NER 


CLOSED LOOP NON-INVERTING OPEN LOOP PHASE RESPONSE 
VOLTAGE GAIN AS A 3 AND VOLTAGE GAIN AS A | 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 


PHASE IN DEGREES 


VOLTAGE DRAIN — dB 


1 10 100 1K 10K 100K 1M 10M 


FREQUENCY — Hz FREQUENCY — Hz 


POWER CONSUMPTION OPEN LOOP VOLTAGE GAIN AS A 
AS A FUNCTION FUNCTION OF SUPPLY VOLTAGE 


OF AMBIENT TEMPERATURE 


- ‘ 
E 200 re] 
| c 
3 
= 150 < 
= ] 
4 G 
2 100 re 
° ar 
Q Oo 
ec > 
had ad 
z 50 = 
a. 
-~ 60 - 20 +20 + 60 +100 +140 
TEMPERATURE — °C SUPPLY VOLTS — +V 
INPUT VOLTAGE RANGE AS A OUTPUT VOLTAGE SWING AS 
FUNCTION OF SUPPLY VOLTAGE A FUNCTION OF FREQUENCY 


COMMON MODE RANGE — V 


PEAK-TO-PEAK OUTPUT SWING — V 


0 
1K 


10K 30K 100K 300K 1M 
SUPPLY VOLTAGE — =+V FREQUENCY, Hz 
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HIGH SLEW RATE OPERATIONAL AMPLIFIER 


VOLTAGE GAIN — dB 


~ SE/NE534 


POWER CONSUMPTION AS A 
FUNCTION OF SUPPLY VOLTAGE 


CONSUMPTION — mW 


SUPPLY VOLTAGE — +V 


OUTPUT VOLTAGE SWING ASA 
FUNCTION OF SUPPLY VOLTAGE 


OUTPUT SWING — VOLTS 


SUPPLY VOLTAGE — +V 


VOLTAGE FOLLOWER 
LARGE SIGNAL RESPONSE 


+10 
> 
| 
ae, ee 
G 
< 
5 
a 0 
> 
a oe 
= 
3 
ae Par eae eet 


0 500 1000 1500 2000 2500 3000 3500 
TIME — nsec 


LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERAT!ONAL AMPLIFIER SE/NE534 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'a) 


VOLTAGE FOLLOWER UNITY GAIN INVERTING 
TRANSIENT RESPONSE AMPLIFIER LARGE SiGivAL 
RESPONSE 


OUTPUT VOLTAGE — mV 
OUTPUT VOLTAGE: — V 


0 200 400 600 800 1000 1200 1400 0 0.6 10 «145 20 25 3.0 3.6 40 


TIME — neec TIME —- psec 


TYPICAL APPLICATIONS 


HIGH SPEED INVERTER 
(10MHz BANDWIDTH) 


2N3819 


200nsec/DIV 


FAST SETTLING VOLTAGE FOLLOWER LARGE SIGNAL RESPONSE 
VOLTAGE FOLLOWER 


2v/DIV 


0.5us/DIV =f = 500KHz 
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LINEAR LS! PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER © 3 7 SE/NE534 


TYPICAL APPLICATIONS (Cont'd) 
THREE POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE" 
RESPONSE OF 3-POLE ACTIVE 


BUTTERWORTH | 
MAXIMALLY FLAT FILTER 


= ee eae 
Pellet Copel se all utes 

Pe eee ee eee 
RetRE oe 
esata east eels 


i: 

ei 

ia 

za 
Piet Reiss 

wan | | 

ee (ele 

2 fe Relea eee 
fel eee estes ele 


ATTENUATION —— dB 


*"Reference—EDN Dec. 15, 1970 
Simplify 3-Pole Active Filter Design FREQUENCY — Hz 
A. Paul Brokow 


PRECISION RECTIFIERS 
(a) HALF WAVE . (b) FULL WAVE 


10K 1% 


AC MILLIVOLTMETER SAMPLE AND HOLD 


SIGNAL O 
1% 


O OUTPUT 


33K 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OPERATIONAL AMPLIFIER 


CYCLIC A TO D CONVERTER 


One interesting, but, much ignored A/D con- 
verter is the cyclic converter. This consists of 
a chain of identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts V,,; from the input and doubles 
the remainder if the polarity was correct. In 
Figure 1 the signal is full wave rectified and 
the remainder of V;, — V,a¢ is doubled. A chain 
of these stages gives the gray code equiva- 
lent of the input voltage in digitized form 
related to the magnitude of V,,;. Possessing 
high potential accuracy, the circuit using 
NE531 devices settles in 5zs. 


TRIANGLE AND SQUARE 
WAVE GENERATOR 


The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli- 
tude of the square wave is set by ti. output 
swing of the op amp A-1 and R1/R2 sets the 
triangle amplitude. The frequency of oscilla- 
tion in either case is 


(3-23) 
The square wave will maintain 50% duty 


cycle even if the amplitude of the oscillation 
is not symmetrical. 


CYCLIC A TO D CONVERTER 


O LOGIC OUT 


VREF 


Figure 1a 


TRIANGLE AND SQUARE 


WAVE GENERATOR 


SQUARE WAVE 
ouT 


Figure 2 


TRIANGLE WAVE 
OUT 


SE/NE534 


The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A1 
runs open loop, there is no need for com- 
pensation. The triangle-generating amplifi- 
er must be compensated.The NE5535device 
can be used as well, except for the lower 
frequency response. 


VREF 


LOGIC OUT 


Vin 


Figure 1b 
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LINEAR LS! PRODUCTS 


HIGH SLEW RATE OP AMP 


DESCRIPTION 


The SE/NE538 is a new generation opera- 


tional amplifier featuring high slew rates 
combined with improved input character- 
istics. Internally compensated for gains of 
5 or larger, the SE538 offers guaranteed 
minimum slew rates of 40V/us or larger. 
Featuring 2mV max input offset voltage, 
the 538 is a single amplifier. Industry 
standard pin out and internal compensa- 
tion allow the user to upgrade system per- 
formance by directly replacing general 
purpose amplifiers, such as 748, 101A and 
741, 


FEATURES 


e 2mV input offset voltage 

80nA max input offset current 

Short circuit protected 

Offset null capability 

Large common mode and differential 

voltage ranges 

60V/us slew rate (gain of +5, -4 min) 

6MHz gain bandwidth product 

(gain +5, -4 minimum) 

¢ Internal frequency compensation 
(gain of +5, -4 minimum) 

e Pin out: 538 same as 741 (single) 


ABSOLUTE MAXIMUM RATINGS1.2,3 


PARAMETER RATING 
Vcc Supply voltage 
SE military grade +22 V 
NE commercial grade +18 V 
| Pp Internal power dissipation 1000 mw 
FE package 
Po Internal power dissipation’ 500 mw 
j N package 
Pp Internal power dissipation! 800 mw 
H package 
Differential input voltage +30 V 
Input voitage2 +15 | V 
Operating temperature range 
SE military grade ~55 to +125 °C. 
NE commercial grade 0 to 70 =—C 
Output short circuit indefinite 
Storage temperature range ~65 to +150 °C 
| Lead temperature (sulder, 60sec.) 300 C 
NOTES 


1. Rating applies for thermal resistances of 240°C/W and 150°C/W junction to 

ambient for N and H packages. Maximum chip temperature is 150°C. 
2. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to 125°C case 


temperature or 75°C ambient temperature. 
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SE/NE538 


FE,N PACKAGE 


OFFSET 
NULL NC 
INVERTING i 
INPUT 
NONINVERT- 


ING INPUT OUTPUT 


es OFFSET 
NULL 


TOP VIEW 


ORDER NUMBERS 
SE538N, FE  NES38N, FE 


H PACKAGE* 


OrFSET ADJUST 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


OUTPUT 


OFFSET ADJUST 


ORDER NUMBERS 
SE538H NE538H 


LINEAR LSI PRODUCTS 


HIGH SLEW RATE OP AMP SE/NE538 


EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 


ee ete Ene Bae ac ac ee 
Input offset voltage Rs s 10k 
oa 10kQ, over temp. 


“AVos Input offset voltage drift | Rg = 00, over temp. _| 00, over temp. 


los Input offset current 


Over temp. 
Over temp 


Alos Input offset current 


Input current 


Over temp. 200 

Alp Input current Over temp. | 

Pigs —eeeoon einen] tse] fee] ee] 

ee 

a SAA GSN eR Ai BN Oc 
L 


Avo. Large signal voltage gain = 2kQ, Voyr= + 10V 
Over temp., 
= 2kQ, Vout= + 10V 


Ri 
Vour Output voltage Over temp., RL = 2k0 +10 | +13 +10} +13 V 
Over temp., R; = 10kQ +12 | +14 +12) +14 V 
loc Supply current Per amplifier 2 3 2 3 mA 
Over temp., per amplifier 2.2 3.6 2.2 3.6 mA 
Power dissipation Per amplifier 60 90 60 90 mw 
Over —— per a ee aa ar 66 Pal ae 


| Isc Output short circuit current | short circuit current 50. 
se C2 


NOTE 

Temperature Range 
SE Types - 55°C < Ty s 125°C 
NE Types 0°C s Ta s 70°C 
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LINEAR LS! PRODUCTS 


HIGH SLEW RATE OP AMP | SE/NE538 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER TEST CONDITIONS 


Gain bandwidth product 
(Gain +5, -4 minimum) 


Transient response 


Small signai rise time 
Small signal overshoot 


Settling time To 0.1% 


Input noise voltage f= 1kHz, Ty = 25°C 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
FREQUENCY FREQUENCY SUPPLY VOLTAGE 


PEAK-TO-PEAK OUTPUT SWING - V 
VOLTAGE GAIN 
PEAK-TO-PEAK OUTPUT SWING - -V 


FREQUENCY - Hz 


SUPPLY VOLTAGE -+V 


OUTPUT VOLTAGE SWING OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
LOAD RESISTANCE AMBIENT TEMPERATURE FREQUENCY 
i 7 a ge a . 
sled a esi lee Paes i el i CO ' 
- ok Reese > 
eeLL IVT Panes Shee 
a (a a ieee [ea : 
ee ea =e Oa g 
Ss SAREE FeCcH oni 
9 aa ease a 
ia i 


So 
ed 
°o 
rx 
° 
w 
wk 
o 
ad 
° 
a 
° 
om 
° 
a 
° 
° 
» 
° 


60 100 140 10 100 1000 
LOAD RESISTANCE - ki) TEMPERATURE - °C FREQUENCY - Hz 
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LINEAR LS! PRODUCTS 


HIGH SLEW RATE OP AMP SE/NES38 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


INPUT NOISE CURRENT BROADBAND NOISE FOR INPUT COMMON MODE 
AS A FUNCTION OF VARIOUS BANDWIDTHS VOLTAGE RANGE ASA 
FREQUENCY FUNCTION OF SUPPLY VOLTAGE 


uVrms 
1V 


INPUT NOISE CURRENT - pA/\/Hz 
TOTAL NOISE REFERRED TO INPUT - 
COMMON MODE VOLTAGE RANGE - 


FREQUENCY - Hz SOURCE RESISTANCE - () SUPPLY VOLTAGE - +V 
POWER CONSUMPTION POWER CONSUMPTION INPUT BIAS CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


= 
E > < 
HH eof tt 
3 é on 
3 LL 2 TTS 
2 Z _— 7) 
8 ae iss a a 
; =a Ae ee 
: eid reg es 
ae Eis 
ae sega 
SUPPLY VOLTAGE - ‘Vv TEMPERATURE - °C : : TEMPERATURE - °C 
COMMON MODE REJECTION SETTLING TIME MEASUREMENT SLEW RATE MEASUREMENT 
RATIO AS A FUNCTION OF WAVEFORMS VCC = +20V 
FREQUENCY 


OUTPUT 


~ 15 
OUTPUT 


COMMON MODE REJECTION RATE - dB 


SLEW RATE SLEW RATE 
V(-) TO V+) V(+) TO V(-) 
(MEASUREMENT (MEASUREMENT 
FALSE PERIOD) PERIOD) 


1 10 100 1k 10k =6100k 1M 
FREQUENCY - Hz 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OP AMP Eas a 7 SE/NE538 
TYPICAL PERFORMANCE TEST LOAD CIRCUITS 
CHARACTERISTICS (Cont'd) | 
SLEW RATE AND SMALL SIGNAL 
SMALL-SIGNAL TRANSIENT TRANSIENT RESPONSE TEST CIRCUIT 


RESPONSE DEFINITIONS 


OVERSHOOT 


O} OUTPUT 


OUTPUT 50% 


VEE 


OVERSHOOT ; 
RISE TIME NOTE 


Pins not shown are not connected. 
All resistors values are typical and in ohms. 


TEST LOAD CIRCUITS (Cont'd) 
SETTLING TIME TEST CIRCUIT 


*Match to within 0.01%. 
NOTE 


Pins not shown are not connected. 
All resistors values are typicai and in ohms. 
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LINEAR LSI PRODUCTS 


HIGH SLEW RATE OP AMP SE/NE538 


INTRODUCTION 

The Signetics NE538 is an undercompen- 
sated op amp. The NE538 has a typical 
slew rate of 50V/us and a gain bandwidth 
product of 6MHz. 


The internal frequency compensation is 
designed for a minimum inverting gain of 
4 and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un- 
Stable and will need external compensa- 
tion (see Figure 1 and 2). 


The higher slew rate of the NE538 has 
made this device quite appealing for high 
speed designs anc the fact that it has a 
standard pinout will allow it to be used to 
upgrade existing systems that now use 
the pA741 or 2748. 


Figure 3. Voltage Follower with Single 
Power Source 


Equations: 
t= 1(6MHz)_ 1 
LAG "40 BRC 
fieap = SMHz= 1 


2aReCe 


1 mF 
ue 


Figure 4. Inverting Amp With Single 


LAG Power Suppl 
COMPENSATION " ded 


Figure 1. Non-Inverting Configuration 


Figure 5. 


All resistor values are in ohms. 


Figure 2. inverting Configuration 


Figure 6. Voltage Comparator 
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LINEAR LSI PRODUCTS 


DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 


SE/NE5542 


DESCRIPTION 

The 5512 series of high performance oper- 
ational amplifier provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved CMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella- 
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 


APPLICATIONS 

¢ AC amplifiers 

RC active filters 
Transducer amplifiers 

DC gain block 

Battery operation 
Instrumentation ampilfiers 


ABSOLUTE MAXIMUM RATINGS | 


Parameter 


Supply Voltage 

Power dissipation 

Operating temperature range 
NE5512 

SE65612 

Storage temperature range 
Lead temperature soldering 


FEATURES 


Low input bias < +20nA 

Low input offset current < +20nA 
Low input offset voltage < 1mV 
Low Vos temperature drift 5.V/°C 
Low input bias temperature drift 
40pA/°C 

Low input voltage noise 30nV//Hz 
Low supply current 1.5mA/amp 
High slew rate 1.0V/us 

High CMRR 100dB 

High input impedance 100MQ 

High PSRR 110dB 

High differential input voltage limit 
No cross-over distortion 

Indefinite output short circult 
protection 

Internally compensated for unity gain 
6000 drive capability 


+ 16 
500 


0 to 70 
~5§ to +125 
~65 to +150 

300 


PIN CONFIGURATIONS 


FE,N PACKAGE 


V+ 
OUTPUT 2 
+INPUT 2 
—INPUT 2 


OUTPUT 1 
~INPUT 1 


+INPUT 1 
VY 


TOP VIEW 


ORDER NUMBERS 
SE/NE5512FE SE/NE5512N 


D*? PACKAGE 


-~ INPUT 1 
OUTPUT 1 


+INPUT2 [3] 


V+ 
OUTPUT 2 


TOP VIEW 


OROER NUMBER 
NE55120 


NOTES: 

1. SOL - Released in large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 
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LINEAR LS! PRODUCTS 


DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 


SE/NES542 


ELECTRICAL PERFORMANCE CHARACTERISTICS \V,c= + 15V, F.R.= 


~ 55°C to + 125°C (SE), 0°C to + 70°C (NE) 


[—Cisessi2—=—=“‘*‘—dRSOS*‘“‘Cé‘UéNSSNDS”SW”™™ 


Input offset voltage 


Input offset current 


Input bias current 


Rs = 1002 
Ta= + 25°C 
T,=F.R. 
Over Temp. 


Re = 100k2 
Ta= +25°C 


Ta= F.R. 
Over Temp. 
Ro= 100kQ 
T= + 25°C 

T,=F.R. 
Over Temp. 


input resistance eet 
P| Soon Tan SSE = 
+ 13.5 + 13.7 + 13.5 + 13.7 V 
+ 13 + 13.2 +13 + 13.2 


Vv Input common 
cM mode range 


Input common-mode 
rejection ratio 


Avo. | Large-signal 
GAIN | voltage gain 


SA. [Slow rate 


CMRR 


GBW 


{Vout 


Vout 


loc 


Input noise 
Vin 

voltage 

Input noise 

current 


Short circuit 


NOTE 


For operation at elevated temperature, N package must be derated based on a thermal resistance of 120°/W junction to ambient. Thermal resistance of the FE package is 125°/W. 
*For additional information, consult the Applications Section. 


Small-signal 


unity gain 
bandwidth 


low | Phase margin 


swing 


swing 


current 


Power supply 


rejection ratio 


Amplifier to 
amplifier coupling 


Total harmonic 


distortion 


Output voltage 


Output voltage 


Power supply 


Ty = 25°C 
Ta= F.R. 


Vec= + 15V 


Vin = + 13.5V (RM) 


Ta = 25°C 


Vin= + 13V (F.R,) 


Ta= F.R. 


R_=2kQ2 Ta= 25°C 
eee +10V T,a=F.R. 


| Tye 25°C C 


f= 1kHz to 20kHz 
7 25°C 


f = 10kHz 
Ta= 25°C 


Vo=/7Vams 
f= 1kHz 
T, = 25°C 
f= 1kHz 
T,= 25°C 


+15V T,= 25°C 


SHESCHnat 


Vis 


Ee ee! Cc 


|__| Degree | 


+13 + 13.5 
+ 12.5 +13 
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LINEAR LS] PRODUCTS 


QUAD HIGH PERFORMANCE OP AMP 


SE/NE5514 


DESCRIPTION 

The SE/NE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324/LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a 4A741 with improved slew and 
drive capability. 


ABSOLUTE MAXIMUM RATINGS 


Voc Supply voltage 
VDIFF Differential input voltage © 
VIN input voltage 

Output shori to ground 
TS Storage temperature range 
TSOLD Lead soldering temperature 
TA Operating temperature range 

NE5514 


SE5514 


EQUIVALENT SCHEMATIC 


(ONE OP AMP) 
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PARAMETER RATING 


FEATURES 

Low input bias current: <+3nA 

Low input offset current: <+3nA 
Low input offset voltage: <1ImV 

Low supply current: 1.5mA/Amp 

1 V/yusec slew rate 

High input impedance: 100MQ 

High common mode impedance: 10GQ2 
internal compensaticn for unity gain 
6000 drive capability (7 Vrms) 


APPLICATIONS 

AC amplifiers 

RC active filters 
Transducer amplifiers 
DC gain block 
Instrumentation dmplifier 


+16 
32 
0 to 32 
Continuous 
—65 to +150 
300 


0 to 70 
—55 to +125 


PIN CONFIGURATION 
F,N PACKAGE 


OuTPUT 1 | 1 | '14] OUTPUT 4 


+INPUT 2 AW v7 


OUTPUT 2 


112] +INPUT 4 


+INPUT 3 
~INPUT 3 


| 8 | OUTPUT 3 


- TOP VIEW 


ORDER NUMBERS 
NE5514F, N SE5514F, N 


D? PACKAGE 


16} OUTPUT 4 
~ INPUT 4 


OUTPUT 1 | 1 | 


14] +INPUT 4 
V~ 
NC 
+ INPUT 3 
— INPUT 3 
OUTPUT 3 
TOP VIEW 


ORDER NUMBER 
NE5514D1 


NOTES: 

1. SOL - Released in large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


LINEAR LS! PRODUCTS 


QUAD HIGH PERFORMANCE OP AMP SE/NE5514 


ELECTRICAL CHARACTERISTICS vV..= + 15V, F.R.= —55°C to + 125°C (SE); 0°C to 70°C (NE) 


PARAMETER TEST CONDITIONS Lah hae 
= Typ 


5 
0.7 


Input offset voltage Re= 1000, T,a= + 25°C, He 
T,=F.R. 1 
Over temp. 4 
| los Input offset current Rg = 100kQ, Ty = + 25°C, 3 10 
T, = F.R. 4 20 
Alos Over temp. 30 i 
lp input bias current Rs = 100kQ, Ta= + 25°C, 10 
Ta=F.R. 20 
Alp Over temp. 
Rin Input resistance differential ee 
Vom Input common mode range Tg = 25°C, Ta=F.R. 


+13.5| + 13.7 
+13) +13.2 


CMRR __ Input common-mode Voc= + 15V, 
rejection ratio Vin = + 13.5V (RM), 
Ty, = 25°C, 
Vin= + 13V (F.R.), 
T,=F.R. 


nA 


AVOL _ Large-signal voltage gain R, = 2kQ, Ty = 25°C 50 50 
GAIN Vo= + 10V, Ta=F.R. a5. | oe 25 yn 


sk Sewate——S~—~idCSC“‘“‘“‘éQTHG~~C*dSCw} | 9] CP ce | 7 | i | 


GBW Smail-signal unity gain Ta= 28°C 3 3 MHz 
bandwidth | 


Ou Phase margin 


Vout Output voltage swing 


Output voltage swing R, = 6000", T, = 25°C, 
Ta=F.R. 
R, = Open, Ta = 25°C, 
Ta= F.R. 


Ta= 25°C, Ta= F.R. 


Vout 


Power supply current 


PSRR Power supply rejection ratio 
f= 1kHz to 20kHz, T,= 25°C 


Amplifier to amplifier coupling 
f= 10kKHz, T, = 25°C, 


Total harmonic distortion pi gee 
Vo=7VRMS 


VINN input- noise voitage f= 1kHz, T,= 25°C Bet 2 ee ee eS 
Is¢___ Short Circuit Ta = 25°C | 10 | 40 | 60 [- 10 | 40 | 


NOTE 
*For operation at elevated ternperature, N package must be derated based ona thermal resistance of 95°C/W junction to ambient. 


| Degr | 


R, = 2kQ, Ty = 25°C, +13 = + 13 | “ot 
Ta=F.R. +12.5| +13 +125} +13 


*For additional information, consult the Applications Section. 
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rn neem ire Pod 
INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP SE/NE5532/5532A 

DESCRIPTION ‘FEATURES e | PIN CONFIGURATION 

The 5532 is a dual high-performance low ° Small-signal bandwidth: 10MHz. ._ 

noise operational amplifier. Compared to ¢ Output drive capability: 6002, 10V FE,N PACKAGE 

most of the standard operational amplifiers, (rms) 

such asthe 1458, it shows better noise per- ° Input nolse voltage: 5nV/./Hz (typical) | output a [1] 

formance, improved output drive capability © DC voltage gain: 50000 ? INVERTING Seo 

and considerably higher small-signal and ¢ AC voltage gain: 2200 at 10kHz PAR ec 

power bandwidths. e Power bandwidth: 140kHz INPUT A LSJ LS] input B 

This makes the device especially suitable ° Slew-rate: 9V/us eg a INPUT 

for application in high quality and profes- ° Large supply voltage range: +3 to son Vici 

sional audio equipment, instrumentation + 20V ness Seren NMinnae 

and control circuits, and telephone chan. ° Compensated for unity gain | NE5S32FE,N  SESS32FE 

nel amplifiers. The op amp is internally NESS32AFE,N SES532AFE 

compensated for gains equal to one. If 


very low noise is of prime importance, it is D2 PACKAGE 
recommended that the 5532A version be 

used which has guaranteed noise voltage 
specifications. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage +22 
Input voltage +V supply 
Differential input voltage ! +5 
Operating temperature range 


NE5532/A 0 to 70 

SE5532/A —55 to +125 
Storage temperature —65 to +150 
Junction temperature 150 
Power dissipation | 

§532FE 1000 
Lead temperature (soldering, 10 sec) 300 


TOP VIEW 
ORDER NUMBER 
NG5532D 


NOTES: 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resis- 
tors are used, large currents will flow if the differential input voltage exceeds 0.6V. 
Maximum current should be limited to + 10mA. 

2. Thermai resistance of the FE package is 125°C/W. 


EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 


roy ULHERRAE 
aati maiail 
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LINEAR LSI PRODUCTS 


INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP 


SE/NE5532/5532A 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, V,= + 15V unless otherwise specified." 


Vos Offset voitage 


AVos/AT 


los Offset current 


Alog/AT 


Input current 


loc Supply current 


| Vom Common mode input range 
CMRR Common mode rejection ratio 
PSRR ~~ Power supply rejection ratio 


Avor Large signal voltage gain 


Vout Output swing 


Rin input resistance 
Isc Output short circuit current 


PARAMETER 
Rout Output resistance 


Gain bandwidth product 


Power bandwidth 


Input noise voltage 
Input noise current 


PARAMETER TEST CONDITIONS 


R. 22k0, Vo= + 10V 
Over temperature 
R, =6000, Vo= + 10V 
Over temperature 


R, = 6000 
Over temperature . 
R, = 6000, Vs = + 18V 
Over temperature 
R, 2 2kQ over temp. 


SE/NE5532/5532A 


| Min | typ | Max 


TEST CONDITIONS 


Ay = 30dB Closed loop 
f = 10kHz, Ry = 6000 


Voltage follower 


VIN = 100mV p-p 
CL = 100pF Ry, = 6002 


Ci = 100pF Ry, = 6000 


Vout = + 10V 
Vout = + 14V, RL = 600Q, 
Voc = + 18V 


fo = 30Hz 
fo = 1kHz 
fo = 30Hz 
fo = 1kHz 


LINEAR LSI PRODUCTS | 


INTERNALLY COMPENSATED DUAL LOW NOISE oP AMP -SE/NES532/5532A 


TYPICAL PERFORMANCE CHARACTERISTICS 


| OPEN LOOP FREQUENCY RESPONSE CLOSED LOOP FREQUENCY RESPONSE LARGE-SIGNAL FREQUENCY 
RESPONSE 


+18 
ee rvtea vate 
eee 


~20 ; Q 
10 102 102 104 108 108 107 103 104 = 408 108 = 10” 10° 102 105 104 105 108 107 
t(Hz) 1 (Hz) t (Hz) 


40 


TYPICAL TYPICAL VALUES 


RF = 10kii ; R 10 Q 

E= 100 a 
€ RF = 9k; RE= tka Sr (V) 
ey & a 


10 


GAIN (dB) 
(GAIN dB) 


INPUT COMMON MODE 


OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT 
| ; abe VOLTAGE RANGE 


| TYPICAL VALUES 


VIN (V) | 


0 . 
-55 -25 0 25 50 75 «6100 +125 


Ta (°C) Vp; -Vpy (VY) 


SUPPLY CURRENT : INPUT NOISE VOLTAGE DENSITY 


10 20 
Vp; -VN (V) 
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LINEAR LSI PRODUCTS 


INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP 


SE/NE5532/5532A 


TEST CIRCUITS 


CLOSED LOOP FREQUENCY RESPONSE 


AUDIO CIRCUITS USING THE 
NE5532/33/34 


More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low noise op 
amps and show their use in some audio 
applications. 


DESCRIPTION 


The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise per- 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 


This makes the device especially suitable 
for application in high quality and profes- 
sional audio equipment, instrumentation 
and control circuits, and telephone chan- 
nei amplifiers. The op amp is internally 
compensated for gains equal to one. If 
very low noise is of prime importance, it is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 


APPLICATIONS 

The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual- 
ity and professional! audio equipment which 
requires low noise and low distortion. 


The circuit included in this application note 
has been assembled on a P.C. board, and 
tested with actua! audio input devices 
(Tuner and Turntable). It consists of an RIAA 
pre-amp, input buffer, 5-band equalizer, and 
mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
improved. 


6002 


The RIAA pre-amp section is a standard 
compensation configuration with low fre- 
quency boost provided by the Magnetic car- 
tridge and the RC network in the op amp 
feedback loop. Cartridge !oading is accom- 
plished via R1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 


The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9Q’s setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing im- 
pedance matching between the pre amplifi- 
ers and the equalizer section. Because the 
5532 is internally compensated, no external 
compensation is required. The §-band ac- 
tive filter section is actually 5 individual ac- 
tive filters with the same feedback design 
for all 5. The main differance in all five 
stages is the values of C5 and C6 which 
are responsible for setting the center fre- 
quency of each stage. Linear pots are rec- 
ommended for R9. To simplify use of this 
circuit, a component value table is provided, 
which lists center frequencies and their as- 
sociated capacitor values. Notice that C5 
equals (10) C6, and that the Value of R8 and 
R10 are related to R9 by a factor of 10 as 
well. The values listed in the table are com- 
mon and easily found standard values. 


RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 


With the onset of new recording techniques 
along with sophisticated playback equip- 
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5534A. This 
is a single operational amplifier with less 


VOLTAGE FOLLOWER 


than 4nV/\/Hz input noise voltage. The 
NE5534A is internally compensated at a 
gain of three. This device has been used in 
many audio preamp and equalizer (active 
filter) applications since its introduction 
early last year. 


Many of the amplifiers that are being de- 
signed today are dc coupled. This means 
that very low frequencies ¢2-15Hz) are being 
amplified. These low irequencies are com- 
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is ampiified and convert- 
ed to sound waves. 


The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily at the low frequency range with a 
slight modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
Curve now occurs at 31.5Hz and begins to roll 
off below that frequency. The rciloff occurs by 
introducing a fourth R/C network occurs by 
introducing a fourth R/C network with a 
7950us time constant to the three existing 
networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 


NE5533/34 DESCRIPTION 

The 5523/5534 are dual and single high- 
performance low noise operational amplifiers. 
Compared to other operational amplifiers 
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LINEAR LSI PRODUCTS 


INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP _— SE/NE5532/5532A 


23 Hz 1uF uF | 26 Hz 
50 Hz .47uF .047uF | 36 Hz 
72 Hz 3uF .O33uF | §4 Hz 
108 Hz 22uF | .O22uF | 79 Hz 
158 Hz .16uF 8 6.015uF | 119 Hz 
238 Hz pF OipF | 145 Hz 
290 Hz O82uF .0082uF| 175 Hz 
350 Hz O68uF .0068uF! 212 Hz 
425 Hz O56uF .0S6uF} 253 Hz 
| 506 Hz O47uF .0047uF| 360 Hz 
721 Hz O33uF .0033uF) 541 Hz 
1082 Hz O22uF .0022uF| 794 Hz 
1588 Hz .015uF .0015uF! 1191 Hz 
2382 Hz OF .O01urF | 1452 Hz 
2904 Hz .0082uF 820pF | 1751 Hz 
3502 Hz .0068uF 68OpF | 2126 Hz 
4253 Hz .0O056uF S60pF | 2534 Hz 
5068 Hz .0047uF 470pF | 3609 Hz 
7218 Hz .0033uF S330pF | §413 Hz 
10827 Hz .0OO22uF 220pF | 7940 Hz 
15880 Hz .0015uF 150pF | 11910 Hz 
23820 Hz .0OOiuF 100pF | 14524 Hz 
17514 Hz 
21267 Hz 


such as TLO83, they show better noise per- 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 


This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con- 
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 
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RIAA— EQUALIZER SCHEMATIC 


47 uF 
Sour 
,22uF 
.18yuF 
kr 
082uF 
O68uF 
O56 uF 
047 uF 
033 uF 
.022uF 
.015uF 
.O1uF 


.O082uF 
O0068uF 
0056uF 
0047 pF 
0033 uF 
0022uF 
.00 15uF 


00 1uF 
820pF 
680pF 
560pF 


O1uF 


0082uF 
0068 uF 
0056 uF 
0047 uF 
0033 uF 
0022uF 
00 15 uF 
.00 1 uF 


8200F 
680pF 
560pF 
470pF 
330pF 
220pF 
150pF 
100pF 
82pF 

68pF 

56pF 


047 uF 
033 uF 
O22uF 
.015uF 


12 Hz 
18 Hz 


27 Hz 
39 Hz 
59 Hz 
72 Hz 
87 Hz 


106 Hz 
126 Hz 
180 Hz 


270 Hz 
397 Hz 
595 Hz 
726 Hz 
875 Hz 


1063 Hz 
1267 Hz 
1804 Hz 


2706 Hz 
3970 Hz 
§955 Hz 
7262 Hz 
8757 Hz 


10633 Hz 
12670 Hz 
18045 Hz 


Figure 1 


REPEAT ABOVE CIRCUIT 
FOR DESIRED NO. OF 
STAGES. 


47 Fr 
RCH of 
.22uF 
15 uF 
pF 


O82uF . 
O68uF . 
O56uF . 
O47 uF . 
O33uF . 
022uF . 
Our . 


.O1uF 


.0082uF 
O068uF 
.0056uF 
.0047 uF 
0033 uF 
., OO22uF 
.00 15 uF 


.00 1 uF 
820pF 
680pF 
560pF 
470pF 
330pF 


gain equal to, or higher than, three. The fre- 
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom- 
mended that the 5533A/5534A version be 
used which has guaranteed noise specifica- 


tions. 


TO VOL/ 
BAL AMP 
EQUALIZE 


COMPONENT VALUES 


Ris Imeg C1 .22uF 

R2 = 100k C2 780pF 

R30 imeg C3 .0033,F 
R41.4k C4 33,F 

R& 100k CS SEETABLE 
R& 100k C6 SEE TABLE 
R7 SEE TABLE C7? 2.2uF 

R8 (pot)SEE TABLE 

R9 SEE TABLE 

R10 100k 

A11 100k 

R12 20k (5 STAGES) 


Diode Protection of Input 


The input leads of the device are protected 
from differential transients above +0.6V 
by internal back-to-back diodes. Their 
presence imposes certain limitations on 
the amplifier dynamic characteristics re- 
lated to closed-loop gain and slew rate. 
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PROPOSED RIAA PLAYBACK EQUALIZATION 


ANA 
I WN TpSHESSS CST TT It 
HET GRETNA HALON EEEEU 
| NT 
Hitt Tt Ts 
TM TCM TTT TTT 
aieUGL AIHA NVBAAILAUUI 
ATT TT ITH PSS 
ETEK UUNVSAIH\ ALN GEAIIARENLN A GEHVANUHORHGRNG(°SEUhRUR BEGGIN 
SE TT TT I A 


100 (HZ) 10K 100K 


(db) 5 


Figure 2 


RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 


© TO LOAD 


u 
He 
| 015. 


“1/2 OF DUAL OPERATIONAL AMPLIFIER 


NOTE 
All resistors are 1% metal film and are valued in 


Figure 3 


NNR AARNE A RA a tl AA Re NN OS sm: SE A are nine nae a Sram met 


Consider the unity gain follower as an 
example: 


Assume a signal input square wave with 
dV/dt of 250V per us and 2V peak ampili- 
tude as shown. If a 22 pF compensation 
capacitor is inserted and the R, C, circuit 
deleted, the device slew rate falls to ap- 
proximately 7V/us. The input waveform 
will reach 2V/250V/us or 8 ns, while the 
output will have changed (8x 10-5) (7) 
only 56 mV. The differential input signal is 
then (Vin.— Vo) Ri/R; + Ry or approximately 
1V. 


The diode limiter will definitely be active 
and output distortion will occur; therefore, 
Vin <1V as indicated. 


Next, a sine wave input is used with a sim- 
ilar circuit. 
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The slew rate of the input waveform now 
depends on frequency and the exact ex- 
pression is 


gy = 20 COS wt 
at 


The upper limit before slew rate distortion 
occurs for small signal (Vy < 100 mV) con- 
ditions is found by setting the slew rate to 
7Vius. That is: 


7x 10° Vins = 2w COS wt 


at wt =0 
6 
eying = 35x 10° rad/s 
3.5 x 10° 
fuit—=pe— = 560 kHz 


External Compensation Network 
improves Bandwidth 


By using an external lead-lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-locp 
gain less than 3 to 5 is indicated. A num- 
ber of examples are shown in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse-related parameters such as 
damping and phase margin are controlled 


by choosing the apprcpriate circuit con- 


stants. For example, consider the follow- 
ing configuration: 


The major problem to be overcome is poor 
phase margin leading to instability. 


By choosing the lag network break fre- 
quency one decade below the unity gain 
crossover frequency (30-50 MHz), the 
phase and gain margin are improved. An 
appropriate value for R is 2702. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 
1 
27°270+5 x 10° 
118 = pF 

A single pole and zero inserted in the 
transfer function will give an added 45° of 
phase margin depending on the network 
values. 
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GAIN 


90 


dB 45 |- 


RULES AND EXAMPLES 


Compensation Using Pins 5 and 8 


(Limited Bandwidth and Slew Rate) 


C1 =Cc¢ (1) 

Cc = 22pF for NE5533/34 

.,C; = 22pF [SEE GRAPH UNDER 
TYPICAL PERFORMANCE 
CHARACTERISTICS} 


Figure 4. Unity Gain Non-Inverting 
Configuration 


# —90° 


~ 180° | 


Rin | 
Re + Rin J 


= Cc 
- © 


2 
Cy = 11pF 


Figure 5. Unity Gain Inverting 
Configuration 
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External Compensation for ars tps TAPE 
Wideband Voltage Follower : EQUALIZATION | 
ES ieee eee : | 

| 

| 

| 


TIME CONSTANTS 


TURN OVER FREQUENCY 
SO Hr 1326 He 
t ” 


3180. 
125 .S~ 2 aaa 


RELATIVE GAIN (dB) 


NOTE: Input diodes limit differential to < 0.5V 


Figure 6. External Compensation for Wideband Voltage Follower Figure 7c | 


Calculating the Lead-Lag 
Network 


RIAA EQUALIZATION 


TURN OVER FREQUENCIES 
$0 Hz 500 He. 2122 He 
| 


R | 
Let Ry = <7 . 


C,= 


1 
an F, R, 


where Fy = <4 (UGBW) 
UGBW = 30 MHz 


RELATIVE GAIN (4B) 


RELATIVE GAIN (dB) 


Shunt Capacitance 
Compensation 


Cre = Fe = 30 MHz 


1 
an Fe Rp’ 


FREQUENCY (+2) 


FREQUENCY Hz) 


Coist 


or Cr = Kor 


Figure 7a 


_ Figure 7d 


Coist = Distributed Capacitance = 2-3pF ae 
STANDARD FM BROADCAST 
EQUALIZATION 


NAB STANDARD 


eee PLAYBACK 7 1/2 IPS 
Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 


in all recording mediums to reduce noise and | ae ee 
produce flat frequency response. The most ———— 

often used de-emphasis curves for broadcast a ae “ae 

and home entertainment systems are shown ee 
in Figure 7. Operational amplifiers are well 
Suited to these applications because of their 
high gain and easily tailored frequency 
response. 


RELATIVE GAIN (dB) 


) 
= 
z 
a 
2 
= 
< 
er 
a 
& 


FREQUENCY tH?) 


FREQUENCY cH?! 


Figure 7b Figure 7e 
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RIAA PREAMP USING THE PREAMPLIFIER—RIAA/NAB 


NE5534° COMPENSATION 
The preamplifier for phono equalization is 
shown in Figure 8 along with the theoretical! 
and actual circuit response. 


+15V 
©) 


INPUT 


Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 


RUMBLE FILTER 


Following the amplifier stage. rumble and 


*Select to provide specified transducer loading 


scratch filters are often used to improve over- Giatiast- Noise 230.8 ra tiee (with inosct shorted) 
all quality. Such a filter designed with op All resistor values are in ohms. 
amps uses the 2 pole Butterworth approach Figure 8a 
and features switchable break points. With 


from fairly sharp to none at ail is switch 
selectable. 


the circuit of Figure 9 any degree of filtering | ecenor 
. . . BODE PLOT 


ACTUAL RESPONSE 


GAIN - dB 
GAIN - dB 


i 

ae 
= 
eas 
| 


FREQUENCY - Hz FREQUENCY - Hz 


Bode Ptot of RIAA Equalization and the Bode Plot of NAB Equalization and the 
response realized in an actua! circuit using response realized in the actual circuit using 
the 531. the §31 


Figure 8b Figure 8c 


RUMBLE/SCRATCH FILTER 


20K 1 


10K 


6.8K 100 


Ow On 


330 pF POSITION 


All resistor values are in ohms. 


Figure 9 
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TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 


10K 


1F 10K 100K 
INPUT O——-4 
0033 § “i 
eon certeut 
ny 
MAK TOC AR 
bak 
00033 F 2 


100K 


All resistor vatues are in ohms. 


NOTES 

1. Amplifier A may be a NE531 or 301. Frequency compensation, as for unity gain non- 
inverting amplifiers, must be used. 

2. Turn-over frequency —1kHz. 

3. Bass boost +20dB at 20Hz, bass cut -20dB at 20Hz, treble boost + 19dB at 20kHz. treble 
cut -19dB at 20kHz. 


GAIN - 68 


10 100 1000 10 000 100 000 


FREQUENCY He 


Figure 10 


BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 


SL 


33 100K 


All resistor values are in ohms. © 


Figure 11 


SE/NE5532/5532A 


TONE CONTROL 


Tone contro! of audio systems involves alter- 
ing the flat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 


BALANCE AND LOUDNESS 
AMPLIFIER 


Figure 11 shows a combination of balance 
and loudness controls. Due to the non- 
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels..Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 


VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 


Many IC amplifiers include the necessary pin 
connections to provide external offset adjust- 
ments. Many times, however, it becomes nes- 
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off- 
set voltage adjust and bias current nulling cir- 
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim- 
plified arrangements are possilb the addition 
of Q2 and Q3 provide a fixed current level to 
Q1, thus, bias cancellation can be provided 
without regard to input voltage level. 


UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 


All resistor values are in ohms. 


Figure 12 
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BIAS CURRENT 
COMPENSATION 


UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 


All resistor values are in ohms. 


SELECT Rz & R3 FOR 
DESIRED CURRENT 


Figure 13 Figure 14 


*For additional information, consult the Applications Section. 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 


DESCRIPTION 

The 5533/5534 are dual and single high- 
performance low noise operational amplifi- 
ers. Compared to other operational amplifi- 
ers, such as TL083, they show better noise 
performance, improved output drive capa- 
bility and considerably higher small-signal 
and power bandwidths. 


This makes the devices especially suitable 
for application in high quality and profes- 
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com- 
pensated for gain equal to, or higher than, 
three. The frequency response can be op- 
timized with an external compensation ca- 
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 


EQUIVALENT SCHEMATIC 


10 


FEATURES 


PIN CONFIGURATIONS 
D,FE,N PACKAGE 


Smali-signal bandwidth: 10MHz 

Output drive capability: 6000, 10V (rms) 
at V; = +18V 

Input noise voltage: 4nV/ VHz 

DC voitage gain: 100000 

AC voltage gain: 6000 at 10kHz 

Power bandwidth: 200kHz 

Slew-rate: 13V/us 

Large supply voltage range: +3 to +20V 


BALANCE/ 
| 8 | 


BALANCE COMPENSATION 


INVERTING 

INPUT 

NONINVERTING 
INPUT 


v- | 5 | COMPENSATION 


TOP VIEW 


ORDER NUMBERS 
SE/NE5534N,FE *NE5534AD SE/NE5534AN,FE 
SA5534A NES534D SA5534AN 


N PACKAGE 


INVERTING BALANCE 
INPUT A COMPENSATION A 
NONINVERTING COMPENSATION 
INPUT A A 


BALANCE OUTPUT 
A A 


v~ vt 


BALANCE 

B 
MONINVERTING 
B 


OUTPUT 

B 
COMPENSATION 
B 


BALANCE, 


INVERTING 
8 COMPENSATION B 


TOP VIEW 


ORDER NUMBERS 
NE5533N 
NE5533AN 


“NOTE: 
This device may not be symbelled in standard format. 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5S534/5534A 


ABSOLUTE MAXIMUM RATINGS 


| PARAMETER | | RATING _ UNIT 


Vs Supply voltage + 22 
Vin Input voitage + V supply 
Voice Differential input voltage’ + 0.5 
Ta Operating temperature range 
SE5534/5534A - 55 to +125 
; NE5533/5533A/5534/5534A Oto +70 
Tstg Storage temperature ~ 65 to + 150 


Ty Junction temperature 150 
Pp Power dissipation at 25°C? 
5533N, 5534N, 5534FE 
Output short circuit duration® 


Lead temperature (soldering, 10 sec) 


800 
Indefinite 
300 


NOTES 


8-pin ceramic (FE) 140°C/W 
1, Diodes protect the inputs against over-voltage. Therefore, uniass current-limiting 14-pin ceramic (F) 110°C/W 
resistors are used, large currents will flow if the differential input voltage exceeds 8-pin plastic (N) 162° C/W 
0.6V. Maximum current should be limited to +10mA. 14-pin plastic (N) 150° C/W 
2. For operation at elevated temperature, derate packages based on the following 3. Output may be shorted to ground at Vs = +15V, Ta = 25°C. Temperature and/or 
junction-to-ambient thermal resistances: supply voltages must be limited to ensure dissipation rating is not exceeded. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Ve= + : 15V unless otherwise specified. ve 


| NE5533/5533A, 
SE5534/5534A | 
PARAMETER | TEST CONDITIONS ae 5534/5534A UNIT 


Vos _—Offset voltage 
Over temperature 


los Offset current 
Over temperature 
Alos/AT 
Input current 
Over temperature 


Supply current | 
Per op amp Over temperature 
| Vom Common mode input range 12 
CMRR Common mode rejection ratio "20 ate 


PSRR Power supply rejection ratio 


Ayo. _ Large signal voltage gain TR, 26009, Vo= + 10V 
Over temperature 


Vout Output swing R, = 6002 
5534 only Over temperature 
R, = 6000, Vo= + 18V 
R, = 2kQ 
Over Temperature 


Rin Input resistance 


Isc Output short circuit current 


NOTES 
1. For NE5533/5533A/5534/5534A, TMIN = 0°C, TMAX = 70°C 
2. For SE5534/5534A, TMIN m= ~ 55°C, TMAX = + 125°C 
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AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified. 


NE5533/5533A | 
SE5534/5534A 
PARAMETER TEST CONDITIONS | SEsssa/esaan 5534/5534A 


| Min | Typ | Mex | Min | Typ | Max | 


Rout Output resistance Av = 30dB closed loop 
Transient response Voltage follower, Vin = 50mV 
Ri. =6000, Co = 22pF, CL = 100pF 
Tr Rise time ns 
Overshoot % 


Transient response Vin = 50mv, Ri = 6000 
Cc = 47pF, Ci = 500pF 
Rise time ns. 
Overshoot % 
Gain f = 10kHz, Cc = 0 V/mV 
f = 10kHz, Cc = 22pF a 
Gain bandwidth product Cc = 22pF, = = 100pF a a ee ES ee 


Siew rate Cc = os ate 
Cc = Sone V/uS 


Power bandwidth Vout = +10V, Cc = 0 ee ae kHz 
Vout = t10V, Cc = 22pF kHz 
Vout = £14V, Rt = 6000 = kHz 
Co = 22pF, Voc = +18V 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V unless otherwise specified. 


5533/5534 5533A/5534A 


| _5833A/55340 | 
Sooo 


. fo = 30Hz nV/v Hz 
input noise voitage fo = 1kHz 4. . nV/V/Hz 


fo = 30Hz pA H 
tore Ie eee et 
Broadband noise | Broadband noise figure f = 10Hz — 20kHz, | f= tobe — 20kH2, Rg = 5k_| = 5k{? Ff foe] | ae | 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP FREQUENCY RESPONSE SLEW-RATE AS A FUNCTION OF 
. COMPENSATION CAPACITANCE 


GAIN (GB) 
a 

= 

LS 

me Za 
A 
Ans 
me 

= 

Ee 


10 102 103 104 105 106 107 
t (Hz) 


Co(pF) 


LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT 
RESPONSE 


VS = t15V 
TYPICAL VALUES 


Qa 


Sa 
} 22pF 
Ker | | | 
| ee 


0 
10? 103704 105108 = 107 O55 ~25 0 25 50 75 = 100 +125 


t (Hz) Ta (°C) 
INPUT COMMON MODE SUPPLY CURRENT 
VOLTAGE RANGE PER OP AMP 


VIN (V) 


iG ‘ 20 
; “VN (V 
Vp:- Vy (V) Pp (V) 
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CLOSED LOOP FREQUENCY RESPONSE 


TYPICAL VALUES 
Co= 0; RF= 10k ; RE = 1000) Rae 
Cc= 0; RF = 9k; RE = 1k0 Ev? 


Co = 22pF; RF = 1k; RE = co 


~20 Sate 


103 104 105 106 107 10° 
ft (Hz) 


60 


2 
°o 


GAIN (dB) 
8 


INPUT BIAS CURRENT 


INPUT NOISE VOLTAGE DENSITY 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A/SA/SE/NE5534/5534A 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


| INPUT NOISE CURRENT DENSITY TOTAL INPUT NOISE DENSITY BROADBAND INPUT NOISE VOLTAGE 
cana 


Vniems) 402 
(nv/ J” Az) 
THERMAL NOISE OF 
SOURCE RESISTANCE 


105 ae 
Rg (i) 


TYPICAL VALUES | 


in(ems 


197-103 Ea 


Rg (11) 


TEST LOAD CIRCUITS 


FREQUENCY COMPENSATION AND 
OFFSET VOLTAGE ADJUSTMENT 
CIRCUIT 


CLOSED LOOP FREQUENCY RESPONSE 


6002 


poeeeeiaonpenge! 
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‘NOISE TEST BLOCK DIAGRAM 


CAL POWER 
osc | SUPPLY rm 
A +Vec| [-Vee A @ 
: a BANDPASS 
; AT 1 kHz 


| | 2 

| J\ nvi/Hz 
| BANDPASS Y 

| ‘000 AT 30 Hz 


L TEST BOARD 


*For additional information, consult the Applications Section. 
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SE/NE5535_ 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The 5535 is a new generation operational 15V/us unity gain slew rate 

amplifier featuring high slew rates COM- —« Internal frequency compensation N PACKAGE 
bined with improved input characteristics. » Low input offset voltage—2mV 

The 5535 is a dual configuration. Internally «© Low input bias current 80nA max ourput a [7] 

compensated for unity gain, the SE5535 =. Short circuit protected INVERTING 

features a guaranteed unity gain slew rate e Large common mode and differential Staaeene a 


INVERTING 
INPUT A 3 J INPUT B 

NONINVERTING 
5 | INPUT B 


of 10V/us with 2mV maximum offset voltage ranges 
voltage. Industry standard pin out and in- — « Pin compatibility 5535 ee 
ternal compensation allow the user to 747,1558 
upgrade system performance by directly , Configuration Dual 


replacing general purpose amplifiers, , Low noise current 0.15 pA/JHz typ. 
such as 747 and 1558. 


TOP VIEW 


ORDER NUMBERS 
NE5535N 


SE5535N 
ABSOLUTE MAXIMUM RATINGS H PACKAGE’ 


PARAMETER 


Supply voltage 

Internal power dissipation! 
N Package 
H Package 


F Package 
Differential input voltage 
Input voltage2 
Operating temperature range 
Storage temperature range 
Lead temperature (solder, 60sec) 
Output short circuit3 


NOTES 


+22 


500 
800 


+18 


500 
800 


OUTPUT A 
V+ 


INVERTING 

INPUT A 
NONINVERTING 
INPUT A 


OUTPUT B 
Vt 


INVERTING 

INPUT B 
NONINVERTING 
INPUT B 


1000 1000 
+30 +30 
15 +15 
-55 to +125 0 to +70 
-65 to +150 -65 to +150 
300 300 
Indefinite indefinite 


1. Rating applies for thermal resistances junction to ambient of 240° C/W and 150° C/W 

for N and H packages, respectively. Maximum chip temperature is 150°C. 
2. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to 125°C case 


temperature or 75°C ambient temperature. 


EQUIVALENT SCHEMATIC (One Amplifier) 


ORDER NUMBERS 
SES5535H NE5535H 


*Metal cans (H) not recommended for new designs 
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DUAL HIGH SLEW RATE OP AMP 


SE/NES535 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER 
“Vos _ Input offset voltage 


AVos Input offset voltage drift 
los Input offset current 


Input offset current 


Input current. 


Input current 


Vom Common mode voltage range 
CMRR Common mode rejection ratio 


PSRR Power supply rejection 


Rin ‘Input resistance 
AVOL. Large signal voltage gain 


Vout Output voltage 


Icc Supply current 
Pp —«~Power dissipation 
lsc ae Output short circuit current 7 


Rout Output resistance 


“NOTE 


Temperature range 
SE types -55°C < Ta S$ 125°C 
NE types 0°C < Ta < 70°C 
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Ta = 25°C, Vs = +15V unless otherwise specified.* 


TEST CONDITIONS 


Rs =0N, over temp. 


Over temp. 


[eerie 


Over temp. 


Over temp. 


Ri = 2k, Vout = +10V 
RL = 2k, Vout = +10V, over temp. 
RL > 2kQ, over temp. 
Rt = 10kQ, over temp. 
Per amplifier 
Per amplifier, over temp. 
Per amplifier 
Per amplifier, over temp. 


NE5535 


<a 
[in [oe [ex win [yo [oe 


Rs < 10kn | 
Rs < 10k, over temp. 


—_ 
or 
oO 


nn ee) a) No- 


UNIT 


aS 
>> 


Ao) 
= 
@) 


= 

fle Qe 
e8) 

mle 
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DUAL HIGH SLEW RATE OP AMP SE/NE5535 


AC ELECTRICAL CHARACTERISTICS 1, = 25°C unless otherwise specified. 


PARAMETER 


[sesso «SCN 
TEST CONDITIONS UNIT 
Twin [typ [wax | Min | Typ | Max 
Gantbandwan prema 


Transient response 
Small signal rise time 
Smail signal overshoot 
Settling time To 0.1% 

Slew rate R, = 10kQ, unity gain, non-inverting 


Input noise voltage f= 1kHz, T, = 25°C a eS ae 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF AS A FUNCTION OF 
FREQUENCY FREQUENCY 


vs= + 15V 
= 25°C 
ee a 


PEAK-TO-PEAK OUTPUT SWING (V) 
VOLTAGE GAIN 


4 
10k 100k 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 


OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING 
AS A FUNCTION OF . AS A FUNCTION OF 
SUPPLY VOLTAGE LOAD RESISTANCE 


eet. 7 
i i Le a 
CAT 
is a 
Ty 
VE 

a ee 


PEAK-TO-PEAK OUTPUT SWING (-V) 
PEAK-TO-PEAK OUTPUT SWING (-V) 


10 16 
SUPPLY VOLTAGE ('V) LOAD RESISTIANCE (k2Q) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


ne 
egestas 
aes ee eS 


“ 


eee ss. Se 
ae Seas 


SHORT CIRCUIT CURRENT (mA} 


20 
TEMPERATURE ( C) 


BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 


SOURCE RESISTANCE (2) 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


POWER CONSUMPTION (mW) 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


na 


INPUT NOISE VOLTAGE (nV/ * 


FREQUENCY (Hz) 


INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 


~ ~ 


COMMON MODE VOLTAGE RANGE (-V) 


0 
SUPPLY VOLTAGE (‘V) 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT (nA) 


TEMPERATURE (°C) 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 


Hz) 


INPUT NOISE CURRENT (pA/\ 


FREQUENCY (Hz) 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


POWER CONSUMPTION (mW) 


10 15 
SUPPLY VOLTAGE (*V) 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


COMMON MODE REJECTION RATE (dB} 


FREQUENCY (Hz) 


LINEAR LSI PRODUCTS 


DUAL HIGH SLEW RATE OP AMP SE/NE5535 


VOLTAGE WAVEFORMS TEST CIRCUITS 
SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 


SETTLING TIME MEASUREMENT 


ALLOWABLE 
ERROR 
BAND 
OUTPUT 
10% 
‘ OUTPUT 
SETTLING 
time ‘ 
= 
INPUT / 
FALSE 
SUMMING __ eae sas — — — + 10mv 
NODE 
— — en Oe eer orn 
| NOTE 
Pins not shown are not connected. 
All resistors values are typical and in ohms. 
SLEW RATE MEASUREMENT 
SETTLING TIME 
10k° 
Voc = 18V ? 
O) 
> 
+10V 
ey 2.2uF 0.01LF eeprarmmneeoanvioweewenns 
-10V aes ane 
SLEW RATE SLEW RATE +*10V 
Vi-) TO Vi) V(+) TO Vie) 
(MEASUREMENT (MEASUREMENT Ph. 
PERIOD) PERIOD) 10k° _ meee 
INPUT (0) = ~10V 
£0) OUTPUT 
2R, = 100pF | 
SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS ae 
50mV 
INPUT 
10k° 


GND OVERSHOOT 


FALSE x ¥ 
SUMMING (O) IN916 IN916 
NODE or Equiv] OR EQuiv. 


“Match to within 0.01%. 
| NOTE 


Pins not shown are not connected. 
All resistors values are typical and in ohms. 


OUTPUT 


50% 7 ei 
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LINEAR LSI PRODUCTS 


DUAL HIGH SLEW RATE OP AMP 


SE/NE5535 


APPLICATIONS 


Introduction 

The NE5535 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V/us. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur- 
rent. 


Cort = RL C1 


Rg = R3 
R3 
1K 


T" 


All resistor values are in ohms. 


Figure 1. Capacitance. Multiplier 


Applications 

These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that foilows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 


It is always good practice in designing a sys- 
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 


Figure 2. Virtual Inductor 
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the positive and negative supply voltage will 
be equal during power up. With the NE5535, 


- itis possible to degrade the input circuit char- 


acteristics by not applying the power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the A741 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 


The NE5535 can be used either with single or 
split power supplies. 


APPLICATIONS 
CAPACITANCE MULTIPLIER 


The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C= 10zF, an effective capacitance of 
10,000,.F was obtained. The Q available is 


All resistor values are in ohms. 


bility at high frequencies. R1 should there- 
fore always be slightly smaller than R2 to 
assure stable operation. 


POWER AMPLIFIER 

For most applications, the available power 
from op amps is sufficient. There are 
times when more power handling capa- 
bility is necessary. A simple power 
booster capable of driving moderate loads 
is offered in Figure 3. 


The circuit as shown uses a NE5535 
device. Other amplifiers may be substi- 
tuted only if: R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be calculated from 
the expression 


Ri = 600mV 


ICC 


Figure 3. Power Booster 


limited by the effective series resistance. 
So R1 should be as large as practical. 


SIMULATED INDUCTOR 

With a constant current excitation, the 
voltage dropped across an inductance in- 
creases with frequency. Thus, an active 
device whose output increases with fre- 
quency can be characterized as an induct- 
ance. The circuit of Figure 2 yields such a 
response with the effective inductance 
being equal to: 


L=R1R2C 


The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed- 
back paths of the amplifier are equal 
leading to the distinct possibility of insta- 


if 


Figure 4. Voltage to Current 
Converters 


LINEAR LSI PRODUCTS 


DUAL HIGH SLEW RATE OP AMP SE/NE5535 


VOLTAGE-TO-CURRENT 
CONVERTERS 


A simple voltage-to-current converter is 
shown in Figure 4. The current out is 
lout = Vin/R. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circuit 
can be used to control currents of many 
amps. Unity gain compensation is 
necessary. 


Figure 5. Voltage to Current Converter 


The circuit in Figure 5 has a different input 
and will produce either polarity of output 
current. The main disadvantages are the 
error current flowing in R2 and the limited 
current available. 


ACTIVE CLAMP LIMITING 
AMPLIFIER 


The modified inverting amplifier in Figure 
6 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing is limited by the base-emitter break- 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes 
across the feedback resistor, but tends to 
give less precise limiting and cannot be 
easily controlled. 


ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 7 generates a positive 
output voltage for either polarity of input. 
For positive signals, it acts as a non- 
inverting amplifier and for negative 
Figure 6. Active Clamp Limiting Amplifier signals, as an inverting amplifier. The ac- 

| curacy is poor for input voltages under 1V, 
but for less stringent applications, it can 
be effective. 


HALF WAVE RECTIFIER 

Figure 8 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive signals, the gain is 0; 
for negative signals, the gain is —1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
Output, but the output impedance differs 
for the two input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the input 
polarity reverses. The NE5535 device will 
work up to 10kHz with less than 5% 
distortion. 


PRECISION FULL WAVE 
RECTIFIER 


The circuit in Figure 9 provides accurate 
full wave rectification. The output imped- 
ance is low for both input polarities, and 
the errors are smali at all signal ievels. 
Note that the output will not sink heavy 
Currents, except a small amount through 


— (V CLAMP -0.6) = —2.4V 


All resistor values are in ohms. 


Figure 7. Absolute Value Amplifier 
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LINEAR LS] PRODUCTS 


DUAL HIGH SLEW RATE OP AMP 


SE/NE5535 


All resistor values are in ohms. 


Figure 8. Half Wave Rectifier 


Figure 9. Precision Full Wave Rectifier 


TWO-PHASE SINE WAVE 
OSCILLATOR 


SINE Cg 
© OUTPUT 1700 pF 


All resistor values are in ohms. ey 


Figure 10. Two-Phase Sine Wave Oscillator 
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the 10k0 resistors. Therefore, the load ap- 
plied should be referenced to ground ora 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type 
devices give 5% distortion at about 
300HZz. 


TWO-PHASE SINE WAVE 
OSCILLATOR 


The circuit (referring to Figure 10, uses a 2- 
pole pass Butterworth, followed by a phase 
shifting single pole stage, fed back through a 
voltge limiter to achieve sine and cosine out- 
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of Cg and/or the limiting 
network, better distortion figures are possible. 
The component values shown give a fre- 
quency of oscillation of about 2kHz. The val- 
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 


LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER pA744| nA741C/SA744C 


DESCRIPTION FEATURES PIN CONFIGURATION 
The A741 is a high performance oper- e internal frequency compensation 

ational amplifier with high open loop gain, e Short circuit protection D,FE,N PACKAGE 
internal compensation, high common’ e Excellent temperature stability 

mode range and exceptional temperature ¢ High input voltage range 

stability. The «A741 is short-circuit pro- OFFSET NULL [*] 

tected and allows for nuiling of offset volt- INVERTING [7] 

age. INPUT 


NON-INVERTING [| 


INPUT 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Supply voltage 

nA741C +18 

uA741 +22 
Internal power dissipation 

N package 500 

FE package 1000 
Differential input voltage +30 
Input voltage’ +15 
Output short-circuit duration Continuous 
Operating temperature range 

pA741C 0 to +70 

SA741C -40 to +85 

pA7A41 -55 to+125 
Storage temperature range -65 to +150 
Lead temperature (soldering 60sec) 300 


TOP VIEW 


ORDER NUMBERS 
pA741N pATAIFE 
pA741CN pA741CFE 
SA741CN 
pA741CD 


NOTE 
1. For supply voltages less than + 15V, the absolute maximum input voltage is 
equal to the supply voltage. 


EQUIVALENT SCHEMATIC 


pA741, pA741C, SA741C 


NON-INVERTING 


Qg AI 
OFFSET 


OFFSET NULL o 
1 
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LINEAR LS! PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER = 1 A744/,A744C/SA741C 


DC ELECTRICAL CHARACTERISTICS 1, = 25°C, Vs= + 15V, unless otherwise specified. 


pAT41 
PARAMETER TEST CONDITIONS 


Vos Offset voltage Rg = 10kQ 
| Rg = 10kQ, over temp. 


e . 
° 


NO 
oO 
o) 


Offset current 
Over temp. 


Ta= +125°C 200 


Ta= — 55°C 500 

Input bias current 500 
Over temp. 

Ta= + 125°C 500 

Ta= — 55°C 1500 


AlplAT 
| Vout Output voltage swing R, = 10kQ 
R, = 2kQ, over temp. 
Avot Large signal voitage gain R, = 2kQ, Vo= + 10V- 


R, = 2kQ, Vo= + 10V, over temp. 


Offset voltage adjustment : 
range 


H+ 

w 
So 
it 

wo 
oO 

2 

< 


PSRR Supply voltage rejection ratio Rs = 10k 


Rs < 10k, over temp. 


CMRR Common mode rejection ratio 
Over temp. 


Supply current 


Ta= + 125°C 
Ta= =m, 55°C 


(uA741, over temp.) +13 } + 
2.0 : 
50 | 85 . 
Ta= + 125°C 45 75 
Ty== 55°C 45 100 


= 


eee 


Input voltage range 
Input resistance 


Power consumption 


Output resistance 
Output short-circuit current 


a 
mon 
ao 
3 | 
au ra) 
a 
33. 3 
=== 


PARAMETER | TEST CONDITIONS 


Vos Offset voltage Rg = 10kQ 


Rs = 10kQ, over temp. 


los Offset current 
Over temp. 


Input bias current 
Over temp. 


RR, = 10k2 
R, = 2kQ, over temp. 
R, = 2kQ, Vo = + 10V 
R, =2kQ, Vo= +10V, over temp. 


Output voltage swing 


Avot | Large signal voltage gain 
Offset voltage adjustment 
range 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER LATA LAT41CISA741C 


DC ELECTRICAL CHARACTERISTICS (Cont'd) T, = 25°C, Vs= + 15V, unless otherwise specified. 


SA741C 
Scamueten een apiiGNG Ce ee 
——eEeEe—S ce ees 


| CMRR Common mode rejection ratio _| Common mode | CMRR Common mode rejection ratio _| ratio oe 


Input voltage range Pa over temp.) +12 +13 
Input resistance 0.3 2.0 oe 


[Pa ___Powerconsumption nee eas ane Be Ee 


- Output resistance 
Isc Output short-circuit current i aa 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = +15V, unless otherwise specified. 


PARAMETER TEST CONDITIONS HAT41, wAT4IC | Unit 


Parallel input resistance Open loop, f = 20Hz 
Parallel input capacitance Open loop, f = 20Hz 


Unity gain crossover frequency Open loop 


Transient response unity gain Vin = 20mV, Ri = 2k, Ci < 100pf 
Rise time 
Overshoot 
Slew rate C < 100pf, Rt = 2k, Vin = +10V 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE POWER CONSUMPTION 


AS A FUNCTION OF RANGE AS A FUNCTION OF AS A FUNCTION OF 
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE 


~§5°C < Ta < + 125°C 
fof 


POWER CONSUMPTION — mW 


PEAK TO PEAK OUTPUT SWING — V 


COMMON MODE VOLTAGE RANGE — +V 


SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V SUPPLY VOLTAGE — +V 
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LINEAR LS! PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER »A744/,A741C/SA741C 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


INPUT BIAS CURRENT INPUT RESISTANCE INPUT OFFSET CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE SUPPLY VOLTAGE 
500 
¢ 
. 400 g | 
b | a 
ii 300 8 z 
Ss < o 
3 o Gi 
Z 200 2 2 
a « a 
= = : 
5 100 2 g 
0 0 
~60 -20 20 60 100 140 -60 -20 20 60 100 140 5 10 15 20 
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE — +V 
INPUT OFFSET CURRENT POWER CONSUMPTION OUTPUT VOLTAGE SWING 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE 
> Vg =z + 15V 
rf 3 | Tam 25°C 
. 9 
2 | z 
ri z 5 
7 5 
> a a 
(s) s = 
rm a s 
= ai o 
: a : é 
z || | [| a. b4 
—— | S 8 | 
-~60 -20 20 60 100 140 0.1 0.2 0.5 10 20 5.0 10 
TEMPERATURE — °C TEMPERATURE — °C LOAD RESISTANCE — k0 
OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE INPUT NOISE CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
AMBIENT TEMPERATURE FREQUENCY FREQUENCY 
MB pp ep — 20 
we Vg m= + 15V a Vg = + 15V 
Ta= 25°C Ta = 25°C 


10-14 10-22 + 


r z z 

| % “ 

z ] | 

fe ra > 

« 2 19-18 We 10728 

3 = 3 

E 5 3 

3 7 107 18 a rrr wy 40-24 a 

4 

3 < | | < 

fe rs ee ps eels an GS 49-28 

& B t0-17 | % 10 : 

Ps z z 

7) 
: if 4107 15 —- ee eee: i 19728 ee eee ae 

- 60 ~ 20 20 60 100 140 10 100 1K OK TOOK 10 100 1K 10K 100K 

TEMPERATURE — °C FREQUENCY — Hz FREQUENCY — Hz 
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LINEAR LSI PRODUCTS 


GENERAL PURPOSE OPERATIONAL AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


TOTAL NOISE REFERRED TO INPUT — Vrms 


PEAK TO PEAK OUTPUT SWING — V 


Vout OUTPUT VOLTAGE (Vp-p) 


BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 


100 


Vs= + 15V 
Ta = 25°C 


ieee 
10-100kHz 


10-1kHz 


10-1kHz 


SCURCE RESISTANCE — 2 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


Ry = 10k2 


100 1K 10K 100K 1M 
FREQUENCY — Hz 


POWER BANDWIDTH 
(Large Signal Swing vs Frequency) 


(VOLTAGE FOLLOWER) 
+15 VOLT SUPPLIES 
THD <5% 


"0 100 1k 10K 100K 


ft, FREQUENCY (Hz) 


VOLTAGE GAIN 


COMMON MODE REJECTION RATE — dB 


| 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


1 10 100 1K 10K 100K 1M 10M 


FREQUENCY — Hz 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


Vg= t15V 
Ta = 25°C 


1 10 100 1K 10K 100K 1M 10M 
FREQUENCY — Hz 


VOLTAGE OFFSET NULL 


PHASE DEGREES 


OUTPUT — mV 


(A744 pA744CISA741C 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 


- 135 


— 180 
1 10 100 1K 


FREQUENCY — Hz 


TRANSIENT RESPONSE 


Vsg= 215V 
Ta = 25°C 
Ri = 2kQ 


C. = 100pF 
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“LINEAR LSI PRODUCTS 


DUAL OPERATIONAL AMPLIFIER ens pA747/747CISA747C 


DESCRIPTION 


The 747 is a pair of high performance mono- 
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of “latch-up” 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per- 
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com- 
pensation. The internal 6dB/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
wA741 data sheet. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
A747 
uA747C 
SA747C 
Internal power dissipation 
H Package 
N,F Packages 
Differential input voitage 
Input voltage 
Voltage between offset null 
and V- 
Storage temperature range 
Operating temperature range 
pA747 
pA747C 
SA747C 
Lead temperature 
(soldering, 60 sec) 
Output short-circuit duration 


EQUIVALENT SCHEMATIC 


FEATURES PIN CONFIGURATIONS 


e Low power consumption 
e No latch-up 


No frequency compensation required D.F.N PACKAGE 
Short-circuit protection os 
Offset voltage null capability 

Large common-mode and differential 
voltage ranges 


INVERTING 
INPUT 8 2) 


TOP VIEW 


ORDER NUMBERS 
BATATCN, pA747CF, pA747N, 
uA747F, SA747CN, pA747C 

; pA747CD 


+22 
+18 
+18 


500 
670 
+30 
+15 


+0.5 
~65 to +155 


-55 to +125 
0 to +70 
~40 to +85 


300 
indefinite 


EQUIVALENT CIRCUIT (EACH SIDE) 


© INVERTING INPUT 


OFFSET NULL 


6 OFFSET NULL 
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LINEAR LSI PRODUCTS 


DUAL OPERATIONAL AMPLIFIER pA7471747CISA747C 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, V,= + 15V unless otherwise a eT 


PARAMETER TEST CONDITIONS UNIT 
.... ae a 


Offset voltage Rg =10kQ mV 
Rs s 10kQ, over temperature 3.0 mV 
AVos/AT | pVl°C 


los Offset current nA 
Over temperature nA 
Alos/AT ! pA/°C 


lpias Input blas current nA 
Over temperature nA 
Alg/AT nA/°C 


Vour | Output voltage swing | Ri 2 2k0, over temperature + 13 
R. = 10k, over temperature + 14 
| leo Supply current 1.7 
Over temperature 2.0 
Power consumption 
Over temperature 


Channel separation 
PSRR Supply voitage rejection ratio Rs s 10kQ, over temperature 


Avot Large signal voltage gain (DC) R, = 2kQ, Voyr= + 10V | 25, 000 eee 
CMRR Rg < 10k9, Voy = + 12V | a 


Over temperature 70 


isc Pot 


AC ELECTRICAL CHARACTERISTICS Ta= 25°C, Vs = +15V unless otherwise specified. 


wATAT/.ATA7C/SATATC 
PARAMETER TEST CONDITIONS win | typ | Max 
Transient response VIN = 20mvV, R1 = 2k, Ci < 100pf_ 
Risetime Unity gain CL < 100pf | 0.3 
| Overshoot | | Unity gain CL. < 100pf ee 5.0 
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LINEAR LSI] PRODUCTS 


DUAL OPERATIONAL AMPLIFIER —— pA74717A7CISA747C 


pc ELECTRICAL CHARACTERISTICS 1, = 25°C, Vcc = + 15V unless otherwise specified.’ 


PARAMETER ieee eainaons Saran 


Vos Offset voltage ~ Rs < 10k0 
. mate fo OS Rs < 10kQ, over temp. 


AVos/AT 


los Offset current 
| Ty = + 125°C 

Ty = —55°C 
Over temperature 


— 300 


Alos/AT 
lsias —snputt current | | 80 | 500 500 
Ta=+125°C | 
Ta = — 55°C 
. Over temperature 800 
Alp/AT 
Vout Output voltage swing Ry, =2kQ, overtemp. | +10 | +13 +10 | +13 
R. = 10kQ, over temp. | +12 | +14 +12) +14 
loc 1.7 2.8 
Ta= — 55°C 


; ; 
V 
Supply current mA | 
1.5 2.5 mA 
2.0 3.3 mA 
- Over temperature 


each side 
ae aaa ANE NO A BC UO EAE 7” SRE BE 
| __—COffset voltage adjustment range | || #18 | 
Sasa ADNAN cae On a A HOD 
Pinas 
0,000 
5,000 


Ta= + 125°C 
Ta = —55°C 
Over temperature 


Power consumption 
Ta = + 125°C 


Channel separation 
PSRR Supply voltage rejection ratio Rg s 10k, over temp. 


Avot Large signal voltage gain (DC) RL = 2kQ, Voyy = + 10V 
Over temperature 

CMRR Rs s 10k2, Voy = + 12V 
Over temperature 
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LINEAR LSI PRODUCTS 


DUAL OPERATIONAL AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE GAIN | 


VOLTAGE GAIN — dB 


OUTPUT — mV 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


Va= + 15V 
Ta™ 26°C 


1 10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


SUPPLY VOLTAGE — =V 


TRANSIENT RESPONSE 


a ee 
RISE TIME 
CS || fara 


0 5 10 #15 20 2.5 


TIME — uS 


PHASE — DEGREES 


OUTPUT VOLTAGE — V 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 


PEAK-TO-PEAK OUTPUT SWING — V 


1 10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


SUPPLY VOLTAGE — +V 


VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE 
RESPONSE 


Vg = + 18V 
Ta = 25°C 


0 10 20 30 40 50 60 70 80 90 
TIME — .S 


pA747/747CISA747C 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


PU TTT TL UTT, vee 2 8v 

Ta = 25°C 
LEE me = t0K0 
HH 


PEAK-TO-PEAK OUTPUT SWING — V 


100 1k 10k 100k 1M 
FREQUENCY — Hz 


INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 
SUPPLY VOLTAGE 


COMMON MODE VOLTAGE RANGE — +V 


SUPPLY VOLTAGE — +V 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


RELATIVE VALUE 


SUPPLY VOLTAGE — +V 
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LINEAR LSI PRODUCTS 


DUAL OPERATIONAL AMPLIFIER 


| ,A7471747CISA747C 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


RELATIVE VALUE 


-60 -—20 20 60 100 
TEMPERATURE -— °C 


INPUT RESISTANCE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT RESISTANCE — MO 


-60 -20 20 60 100 
TEMPERATURE — °C 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


POWER CONSUMPTION — mW 


TEMPERATURE — °C 
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POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


POWER CONSUMPTION — mW 


5 10 15 - 20 
SUPPLY VOLTAGE — +V 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


INPUT OFFSET CURRENT — nA 


SUPPLY VOLTAGE — +V 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


PEAK-TO-PEAK OUTPUT SWING — V 


0.1 0.2 0.5 1.0 2.0 5.0 10 
LOAD RESISTANCE — K?) 


INPUT OFFSET CURRENT — nA INPUT BIAS CURRENT — nA 


SHORT CIRCUIT CURRENT — mA - 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


§00 sain Semen ine era 
Vg = + 15V 
PCEree ee 
400 
b oe ca ents aE Spe oe oe 
300 ae 
200 oo ——— 
. \ eee 
| 
106 = » “i SS 
+ a, of ae Sone _ 
pA747 Pa 4 
~ 60 —- 20 20 60 100 140 


TEMPERATURE — °C 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


140 
|Vg= +15V 


i 


TEMPERATURE — °C 


OUTPUT SHORT-CIRCUIT 
CURRENT AS A FUNCTION 


OF AMBIENT TEMPERATURE 


-~60 ~—20 20 60 100 140 
TEMPERATURE — °C 


LINEAR LSI PRODUCTS 


DUAL OPERATIONAL AMPLIFIER pA747/747CISA747C 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


ABSOLUTE MAXIMUM POWER INPUT NOISE VOLTAGE 
DISSIPATION AS A FUNCTION AS A FUNCTION OF 
OF AMBIENT TEMPERATURE FREQUENCY 


CHT Ht Ta = 26°C 


POWER DISSIPATION — mW 
MEAN SQUARE VOLTAGE — v2/Hz 


100 1k 10k 


TEMPERATURE — °C FREQUENCY — Hz 


INPUT NOISE CURRENT BROADBAND NOISE FOR 
AS A FUNCTION OF VARIOUS BANDWIDTHS 
FREQUENCY 


ae cine 
; esa acta 


tk 10k 


MEAN SQUARE NOISE CURRENT — A2/Hz 
TOTAL NOISE REFERRED TO INPUT — ,.Vrms 


FREQUENCY — Hz SOURCE RESISTANCE — 2 


TEST CIRCUITS 


TRANSIENT RESPONSE VOLTAGE OFFSET 
TEST CIRCUIT NULL CIRCUIT 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER -NE55417/5517A 


DESCRIPTION FEATURES PIN CONFIGURATION 
The NE5517 contains two current controlled ® Constant impedance buffers 
transconductance amplifiers, each with a dif- ° 4Vge of buffer is constant with 
ferential input and push-pull output. The amplifier Ipias change 


D,N PACKAGE 


NE5517 offers significant design and perfor- ° Pin compatible with LM13600 
mance advantages over similar devices for all °¢ Excellent matching between amplifiers 
types of programmable gain applications. Cir- ° Linearizing diodes 
cuit performance is enhanced through the ° High output signal-to-noise ratio 
use of linearizing diodes at the inputs which 
enable a 10dB signal to noise improvement APPLICATIONS 
referenced to .5 percent THD. The NES517is ° ae 
suited for a wide variety of industrialandcon- ° !imers 
sumer applications pd is recommended as_ ° Electronic music synthesizers pees ie eee 
the preferred circuit in the Dolby* HX (Head- ° Dolby’ HX Systems VOBUFFER a | 8 | |2] Vogurrer b 
room Extension) system. e Current-controlled amplifiers, filters SOnEW 
® Current-controlled oscillators, 


ORDER NUMBERS 


Constant-impedance-Buffers on the chip impedances 
| NE5517N NE5517D NE5517AN 


allow general use of the NE5517. These 
buffers are made of Darlington-Transistor beet 

ee i g : *Dolby is a registered trademark of Dolby Laboratories 
and a biasing-network which changes bias inc., San Francisco, Calif. 


current independence’ etilaac: ABSOLUTE MAXIMUM RATINGS 
lagi atic cae 
voltages are almost eliminated. This is an 
advantage of the NE5517 compared to Supply Voltage! 
LM13600. With the LM13600 a burst in the NE5517 
NE5517A 


bias current Iagc guides to an audible 
offset voltage change at the output. With Power Dissipation? Ta = 25°C 


36 Voc or + 18 
44 Vpc or +22 


the Constant-lmpedance-Buffers of the NE5517N, NESS517AN 570 

NE5517 this effect can be avoided and Differential Input Voltage +5 

makes this circuit preferable for high qual- Diode Bias Current (Ip) 2 

ity audio applications. Amplifier Bias Current (lagc) 2 
Output Short Circuit Duration Indefinite 


Buffer Output Current? 20 


Operating Temperature Range 


NE5517N, NE5517AN 0°C to +70 
DC Input Voltage +Vs to —-Vs 
Storage Temperature Range ~65°C to +150 
Lead Temperature (Soldering, 10 Seconds) 300 


CIRCUIT SCHEMATIC 


VOUTPUT 
© 
5, 12 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER | NE5517/5517A 


PIN DESIGNATION 
NAME AND FUNCTION 
Amplifier bias input A 
Diode bias A 


Non-inverting input A a 


Inverting input A 


negative supply 


INBuffer (a) Buffer input A 


Buffer output A 

Buffer output B 

Buffer input B 
V+ 


Positive supply 


Inverting input B 


Non-inverting input B 


CONNECTION DIAGRAM 


) 
AMP B 8 8 B B 
BIAS DIODE INPUT INPUT B BUFFER BUFFER 
INPUT BIAS (+) (-) OUTPUT INPUT OUTPUT 


7 8 


DIODE INPUT INPUT OUTPUT BUFFER BUFFER 
BIAS (+) (-) A INPUT OUTPUT 
A 


A A A 


NOTE: 
1. V+ of output buffers and amplifiers are internally connected. 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER ~ NES517/5517A 


ELECTRICAL CHARACTERISTICS4 


[Ness17 | CNESSTTA 
——— Soe Sel 


Input offset voltage (Vos) . , 0.4 
Over temperature range 
IABC SHA 0. = 
AVos/AT Avg. TC of input offset 8G 
voltage 


| Vogincluding diodes = including diodes | Diode bias current (Ip) = 500uA | bias current | Diode bias current (Ip) = 500uA | = 500uA | fos | 5 | | os | 
tenements [fetter Da 


| Input offeet current = | Input offeet current = current 


Alos/AT Avg. TC of input ita ata -—_} 21] + | 08 | ele + | 08 a 
current 
Input bias current pA 
Over temperature range pA 


Pagar ———————}perwrprnuenrge | | fot {ofr | a 


Forward 
Transconductance (gm) 6700 | 9600 7700 | 9600 pumho 
Over temperature range §400 4000 pmho 


pomtracking ae eee ae oe a 


Peak output current RL = 0, lapc = 5uA 
RL = 0, lapc = 500uA ae a8 
RL = 0, 


Peak output voitage 
Positive RL = co, uA = lapc = S00uA | i +14.2 
Negative RL ™ co, 5uA = lage = 500uA ; —14.4 


Supply current 'ABc = 600HA, both channele | | ae | 4 | | ze | 4 | im | 


V 
V 
Vos sensitivity 
Positive A Vos/4 V+ 160 uV/V 
| Negative A Vos/A V- 150 uV/V 


CMRR 


Ree eee ad 
20Hz <f < 20kHz 


Open loop bandwidth 


| Slew rate "Unity gain compensated 


| Buff. input current 


A VBE of buffer” 6 Refer to Buffer Vee test circuit 


NOTES 

1. For selections to a supply voltage above + 22V, contact factory. grounded and outputs are open. 

2. For operating at high temperatures, the device must be derated based on a 150°C 5. These specifications apply for Vg = + 15V, lage = 500uA, Royt = 5k connected 
maximum junction temperature and a thermal resistance of 175° C/W which applies for from the buffer output to —Vg and the input of the buffer is connected to the 
the device soldered in a printed circuit board, operating in still air. : transconductance amplifier output. 

3. Buffer output current should be limited 80 as to not exceed package dissipation. 6. Vg = + 15, Royt = 5K2 connected from Buffer output to - Vg and 5yA s lage s 

4. These specifications apply for Vg = + 15V, Ta = 26°C, amplifier bias current (lage) = 500A. 


500yA, pins 2 and 16 open uniess otherwise specified. The inputs to the buffers are 


? 
co 
) 


LINEAR LS! PRODUCTS 


DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT 


INPUT OFFSET VOLTAGE (mv) 
t 


A 1a 10pA 100uA 1000uA 
AMPLIFIER BIAS CURRENT (lagc) 


PEAK OUTPUT CURRENT 


Vg= + 15V 
+128°C J 


PEAK OUTPUT VOLTAGE AND 


TA pA 10uA 100A 1000uA 
AMPLIFIER BIAS CURRENT (aac) 


INPUT LEAKAGE 


INPUT LEAKAGE CURRENT (pA) 


INPUT DIFFERENTIAL VOLTAGE 


COMMON MODE RANGE (Vv) 


TRANSCONDUC TANCE (pm)—(ymho) 


AMPLIFIER BIAS CURRENT (lanc) 


PEAK OUTPUT VOLTAGE AND 
COMMON MODE RANGE 


yA) A 10uA 100yA 1000LA 
AMPLIFIER BIAS CURRENT (lagc) 


TRANSCONDUCTANCE 


PINS 2,15 

oe 
Vg = +15V J 
s Ly 


itl : 
. E> /Am : 


WA TuA 1OKA 100uUA 1000LA 


AMPLIFIER BIAS CURRENT (iagc) 


LEAKAGE CURRENT (pA) 


NES517/5517A 


INPUT BIAS CURRENT 


Vg = + 15V 


1A 1OuA 1O0uA 
AMPLIFIER BIAS CURRENT (lapc) 


LEAKAGE CURRENT 


1O00UA 


AMBIENT TEMPERATURE (TA) 


INPUT RESISTANCE 


Ta 1OKWA 100UA 


AMPLIFIER BIAS CURRENT (apc) 


1000UA 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER = NE5547/5517A 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


AMPLIFIER BIAS VOLTAGE vs INPUT AND OUTPUT CAPACITANCE DISTORTION ve DIFFERENTIAL 
AMPLIFIER BIAS CURRENT INPUT VOLTAGE 


laac + lout 
lapc ~ lout 


AMPLIFIER BIAS VOLTAGE (mv) 
CAPACITANCE (pF) 
OUTPUT DISTORTION (%) 


0 
1A 10uA 100A 1A 10uA 100uA 1000uA 
AMPLIFIER BIAS CURRENT (lage) AMPLIFIER BIAS CURRENT (lagc) DIFFERENTIAL INPUT VOLTAGE (mVpp) 


VOLTAGE vs AMPLIFIER BIAS CURRENT OUTPUT NOISE vs FREQUENCY 


Vg= + 15V 
Ry = 10k2 


OUTPUT VOLTAGE RELATIVE TO 
1 VOLT RMS (08) 
OUTPUT NOISE CURRENT (pA/Hz) 


WA WA 100A 
{apc AMPLIFIER BIAS CURRENT (uA) FREQUENCY (Hz) 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NES517/5517A 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
LEAKAGE CURRENT TEST CIRCUIT DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 


BUFFER Vee TEST CIRCUIT 


APPLICATIONS 


UNITY GAIN FOLLOWER 


\ ee 0.01pF 
Oty 


10K 
INPUT O 


510) 


8,9 
O OUTPUT 


© — 15V 


0.00 1yF 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


NE5517/5517A 


CIRCUIT DESCRIPTION — 


The circuit schematic diagram of one half of 
the NE5517, a dual operational transconduc- 
tance amplifier with linearizing diodes and im- 
pedance buffers, is shown in Figure 1. 


j. Transconductance Amplitier 

The transistor pair Q, and Qs form a trans- 
conductance stage. The ratio of their collector 
currents (I, and I, respectively) is defined by 
the differential input voltage, Vj, which is 
shown in equation 1. 


KT fs (1) 


Where Vix is the difference of the two input 
voitages 


KT = 26mV at room temperature (300°K) 


AMPLIFIER 
BIAS 
1,160 
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Transistors Q,, Qz and diode D, form a cur- 
rent mirror which focuses the sum of current 
i, and Is to be equal to amplifier bias current 
Ip: 


Igtis=lp (2) 


lf Vig is smail the ratio of i; and |, will ap- 


proach to unity and the Taylor series of In 
function can be approximated as: 


KT Is | KT is-ta a 


q l4 q |, 


KT Ig KT Ig-la_2KT Ig-le_ 
Gq l4 q ‘ele qs Ip 


IN 


' O 
+ INPUT 
3, 14 


Figure 1. Circuit Diagram of NE5517 


BUFFER 
INPUT 
7,10 | 


The remaining transistors (Qg to Q,,) and di- 
odes (D, to Dg) form three current mirrors that 
produce an output current equal to |, minus 
I4. Thus: 


Vin ! ag lo (5) 


{ q 
The tom Ue) is then the transconduc- 


tance of the amplifier and is proportional to ig. 


2. Linearizing Diodes 

For Vix greater than a few millivolts, equation 
3 becomes invalid and the transconductance 
increases nonlinearly. Figure 2 shows how 
the internal diodes can linearize the transfer 
function of the operational amplifier. Assume 
Dz and Dg are biased with current sources 
and the input signal current is ig. Since 


Ig+l,=lg and I, -1,=1o, that is: 


\4 = a(lp = lo), I, = ‘Ya(lp + lo) 


BUFFER 
.Q13°5 OUT 
- @ 


8,9 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


For the diodes and the input transistors that 
have identical geometries and are subject to 
similar voltages and temperatures, the follow- 
ing equations is true: 


| 
=e 


S 
KT 2 KT = Ya(I 
— In =—- In Vala + bo) 
q Ip . 49 Va(lp — Ip) 
er ele 
2 
2'B l 
Fen pea for lig\- 2 (6) 
I 2 


The only limitation is that the signal cur- 
rent should not exceed 1/2 Ip. 


3. impedance Buffer 

The upper limit of transconductance is de- 
fined by the maximum value of Ip (2mA). The 
lowest value of Ip for which the amplifier will 
function therefore determines the overall dy- 
namic range. At low values of Ig, a buffer with 
very low input bias current is desired. A 
Darlington amplifier with constant current 
source (Q;4, Qy5, Qig, D7, Dg, and R,) suits 
the need. 


APPLICATIONS 
Voltage Controlled Amplifier 
The voltage-divider Ro, R3 divides the input- 
voltage into small values (mV-range) so the 
amplifier operates in a linear manner. 
It is: 
R3 
Ro+R, 


lour = - Vinx x gm, 


Vout =lour* Rt: 


Vin Ro+ R3 


(gm in mS for lage in mA) 


Since gm is directly proportional to lage, the 
amplification is controlled by the voltage Vc 
in a simple way. 


When V¢ is taken relative to — Vcc the follow- 
ing formula is valid: 


(Vo = 1.2V) 


lac = 
R, 


The 1.2V is the voltage across two base- 
emitter paths in the current mirrors. This 
circuit is the base for many applications of 
the NE5517. 


Figure 2. Linearizing Diode 


R4 = Ro/ /R3 


TYPICAL VALUES: R;=47K 
Ro = 10K 
R3 = 200° 
Rg = 200°) 
R; = 100K 
R5=47K 


Figure 3. 


NE5517/5517A 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


Stereo Amplifier With Gain Control 
Figure 4 shows a stereo amplifier with 
variable gain via a control input. Excellent 
tracking of typical 0.3dB is easy to 
achieve. With the potentiometer Rp, the 
offset can be adjusted. For AC-coupled 
amplifiers you can replace the poten- 
tlometer with two 5100 resistors. 


Modulators 

Because the transconductance of an OTA is 

directly proportional to lagc, the amplification 

of a signal can be controlled easily. The out- 

put current is the product from transconduc- 

tance x input voltage. The circuit works up to 

approximately 200KHz. Modulation of 99 per- 
cent is easy to achieve. 


Voltage Controlled Resistors (VCR) 

The principle is based or the capability of 
an OTA to vary a current proportional to a 
controlled voltage which is according toa 
resistor. The circuit takes advantage of 
the possibility to control a resistor via gm. 


Vina 
SIGNAL 


Figure 5. Amplitude modulator 


Voltage Controlled Filters 
Voltage controlled filters can be realized 
extremely easily with the help of an OTA. 


Figure 8 shows the circuit for a low-pass filter. 
Below the corner frequency the circuit has an 
amplification of OdB. Above the corner fre- 
quency the attentuation drops by 6dB/octave. 


The high-pass filter is built in a similar man- 
ner, except the input is coupled via capacitor. 


Voltage Controlled Oscillators 

Figure 12 shows a voltage controlled triangle- 
square-wave-generator. With the indicated 
values a range from 2Hz to 200kHz is possi- 
ble by varying lage from 1mA to 10pA. 


6-92 


Figure 6. VCR 
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DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


The output amplitude is determined by 
lout ¥ Rout. 


Please notice the differential-input-voitage is 
not allowed to be above 5V. 


With a slight modification of this circuit you 
can get the sawtooth-pulse-generator as 
shown in Figure 13. 


Programmable Amplifier 

The intention of the following application is to 
show how the NE5517 works in connection 
with a DAC. Almost all applications de- 
scribed above can be made digitally program- 
mable (uP-compatible) in this way. 


‘In the application Figure 14 the NE5118 is 
used, an eight-bit DAC with current output 
(see Section _ ), its input-register makes this 
device fully ».P-compatible. 


The circuitry of Figure 14 consists of three 
functional blocks: the NE5118, which gener- 
ates a control current equivalent to the ap- 
plied data byte, a current mirror, and the 
NE5517. 


The amplification is given by the following 
equation: 
DW (1 | 
_ DW ( Os bAG Mex 
256 2xVr 


A RL 


DW (10) =Data word decimal 

Ipac Max =Maximum DAC output current 
(here —1mA) 

Ri = Load resistance 


The equation !s only valid for the amplification 
of the signal directly applied to the OTA. To 
get the gain overall A must be multiplied with 
the input-attenuation factor. 


APPLICATION HINTS: 

To hold the transconductance gm within the 
linear range, Iago should be chosen not 
greater than 1mA. The current mirror ratio 
should be as accurate as possible over the 
entire current range. A current mirror with 
only two transistors is not recommended. A 
suitable current mirror can be built with a 
pnp-transistor array which causes excellent 
matching and thermal coupling among the 
transistors. The output current range of the 
DAC normally reaches from0... —2mA. In 
this application, however, the current range 
is set through Rpe¢ (10KQ) toO... —1MA. 


V 5V 
lpac max =2x = =2x— =1mA 


Rrer 10K 


Figure 7. VCR with Linearizing Diodes 


Raxgm 


10= RT RA)x 276 


Figure 8. Voltage Controlled Low Pass Filter 


Figure 9. Voltage Controlled High Pass Filter 


NES517/5517A 
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Figure 10. Butterworth Filter — 2nd Order 


O BANDPASS OUT 


Figure 11. State Variable Filter 


A O-Vec 


@ 
-Vee Vout 
GAIN 
== CONTROL 


Figure 12. Triangle-Squarewave-Generator (VCO) 
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lc ip 
——» —— 
INT +Voo 
f e@ 
2 3 


eo 
~ Vee Vours 


$ 
(Vsg- Oe) Air: Pilddslshidy (Abd alba 


le 
Vex & f In << 
Ry >Re in ic eee 
Figure 13. Sawtooth-Pulse-VCO 
DATABUS ecommerce 
oan O+Vec Sepresesereses 
LE O e O) O C) OO e e e i 


CURRENT MIRROR 


/ t 

aoe | 
(TRANSISTOR-ARRAY) 

| 

l 

| 


lpac 
Rrer —— 
pak BIT OA 3 
epsiroac i PPO | edaitae “S¥0e NE 
10K 82k ¢ 
FULL-SCALE 
ADJUST 


10nF | 0.1,F | 0.14F 
J J 


~ Vee +Voc 


O 

< 

2 

~4 
eo ae 


Figure 14. Digital Programmable Amplifier 


*For additional information, consult the Applications Section. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539° 


DESCRIPTION FEATURES _ PIN CONFIGURATION 
The Signetics SE/NE5539 is a very wide band- ¢ Gain bandwidth product: 1.2GHz at17dB D,F,N PACKAGE 
width, high slew rate, monolithic operational e Slew rate: 600/Vusec 
amplifier for use in video amplifiers, RF © Full power response: 48MHz 
amplifiers, and extremely high slew rate e Ayo ,: 52dB typical 
amplifiers. @ 350MHz unity gain 


12] FREQUENCY 


Emitter follower inputs provide a true differen- COMPENSATION 


tial high input impedance device. Proper exter- APPLICATIONS 

nal compensation will allow design operation ° Fast pulse amplifiers 

over a wide range of closed loop gains, both ° RF oscillators 

inverting and non-inverting, to meet specific ° Fast sampie and hold 

design requirements. ® High gain video amplifiers 
. (BW > 20MHz) 


TOP VIEW 


ORDER NUMBERS 
ABSOLUTE MAXIMUM RATINGS SE/NESS39F — SE/NESS3QN 
NE5539D 


Supply voltage +12. 
Internal power dissipation 550 
Storage temperature range —65 to +150 
Max junction temperature 150 
Operating temperature range 

NE 0 to 70 

SE |} —55 to +125 
Lead temperature 300 


O (12) FREQUENCY COMP. 


OQ (10) +Vec 


NO N-INVERTING 
INPUT 


O (8) OUTPUT 


O (3) —Vec 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 


DC ELECTRICAL CHARACTERISTICS = V,, = + 8V, Ta = 25°C unless otherwise specified 


PARAMETER TEST CONDITIONS 
Vos __ Input offset voltage Vo = OV, Rg = 1002 


Ip Input bias current 


pro [eo | [70 | | | 2 | 
CMRR Common mode rejection ratio F = 1kHz, Rg = 1000, Voy + 1.7V 70 70 
\salioaecahaciinens Mi fommspe tet ttt pa 


a 8 
[Rout Owpstimpesance | ——S—~—~—SS St |] 


VouT Output voltage swing R_ = 1502 to GND Fowing a ee eee Vv 
sree Nee [sung | [| er -aal 
V 


Over temp 
Ta = 25°C 


Over temp 
Ta = 26°C 


Over temp +2.3 


—Swing ~2.1 


VouT Output voltage swing 


a oes 


eer PELEE 


ee a a 
Ee mA 


Icc~ Negative supply current Overteme 

tacaeol [fel [av [ se 
PSRR_ Power supply rejection ratio AVcc = +1V ever ene po? frooof | dT uV/V 

| | || 200 | 1000 
A Large signal voltage gain PO ee 
VOU: ine Se ae RL = 1509 to GND, 4709 to —Vcoc 
Vo = +2.3V, —1.7V 
A Large signal voltage gain 0 ' 
Avot Large signal voltage gain | Vo = +2.5V, —2.0V 
R, = 2kQ to GND Ta = 25°C 


NOTE 
1. Differential input voltage should not exceed 0.25 volts to prevent excessive input bias 


57 


current and common mode voltage 2.5 voits. These voltage limits may be exceeded if 
current limit is 10mA. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER — SEINE5539 
AG ELECTRICAL CHARACTERISTICS  Vo.=+8V, R, = 1500 to GND & 4709 to — Voc unless otherwise specified. 
; Se ieee eee ~ §E5539 ~ NE5539 | 
PARAMETER TEST CONDITIONS Min ) Typ | Max | Typ Max UNIT 
Gain bandwidth product AGL =7 Vo =0.1 Vp-p _ 1200; 1200 MHz 
“Small signal bandwidth Ac. =2 R.=1500' ae 110 — MHz 
Settling time | ‘Ac. =2. R= 1500" 15 15 nSec 
‘Slewrate ~ Ag.=2 R= 1500 600 ‘VipSec 
Propagation delay Ac, = 2 R, = 1500" Fs 


: 
Ac. =2 Ry, = 1500" 48 | 48 | MHz 
Ay =7, Ry = 1502 | 20 a 


Rg ~500 ; : ad 


Full power response 


pre Haar se eee eye 


| Full power response 
Input noise voltage 


NOTE 1: External compensation. 


PARAMETERS 


[over iomp | 


input offset voltage 


fs 
By 
3 


input offset current 


input bias current 


Common mode rejection ratio 


b r 
~- 
© 


| 7 
T4= 25°C | 
FOver tm 


| Ta=25°C | 


AVog= £1V . ——} 
. 


Positive supply current 


Negative supply current 


Power supply rejection ratio 


Ty = 25°C 


: e : 20 
| Over temp 
R, = 1502 to GND -swing | -14.1 | -17 | 


Vour Output voltage swing 


and 3902 to --Voc |} +Swing | +1.5 Fe 


Ta = 25°C 


Rete Ure MAAR OER RCC TPAC SANNA rE AL EO ARPES RETRO OA RNID MC Ae | 


Typ | Max 
~ Gain bandwidth product | AQu=7Ot~=~*™ ee} MHz 
"Small signal bandwidth =| A=) | 10 =| Mz 
— Slewrate ~*~ Ae 2! 4 zt eee ee ae 
"Propagation delay sit Ag #2! [ee ae ee ees ee ee 
Full power response | Ag, = 2! | 20 | | MHz | 


marnnvenanay 


NOTE 1: External compensation. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER | SE/NE5539 | 
NESS39 OPEN LOOP PHASE NE5539 OPEN LOOP GAIN 
ot ot om 
TO on on 
COO OT Co 


PU 
CE 
PT 
RADAR RAN RANA A RAN ANA 

HT | 


eh 
PT Ts 
PT NST 
PT 
Pt 
A | 
| 


IMHz 10MHz 100MHz 1GHz IMHz 10MHz 100MHz 1GHz 


Billi 
PUTT US a 
fo UT IN 


ee 
4 
ad 
” 3 
a > 
: 
: a 
o Voc = +6V 
a, RL = 1502 
GAIN (-2) GAIN (—2) 
Voc = +8V 
RL = 2K 
IMHz 10MHz 100MHz 300MHz 
FREQUENCY IN CYCLES PER SECOND 
1 MHz 10MHz 100MHz 300MHz 
FREQUENCY IN CYCLES PER SECOND 
SE5539 OPEN LOOP GAIN vs FREQUENCY POWER BANDWIDTH 


4) 


68 BELOW REF. 


GAIW (—7) 
Ay = 1502 


1 MHz 10 MHz 100 MHz 300MHz 1 MHz 10 Miz 100 MHz 300 Mtiz 
FREQUENCY IN CYCLES PER SECOND FREQUENCY IN CYCLES PER SECOND 
SE5539 OPEN LOOP PHASE vs FREQUENCY GAIN BANDWIDTH PRODUCT vs FREQUENCY 


Voc = +6V 
RL = 1802 


PHASE (DEG) 


GAIN (dB) 


1 MHz 10 MHz 100 MHz 300MHz 
FREQUENCY IN CYCLES PER SECOND 


FREQUENCY IN CYCLES PER SECOND 


NOTE 


LUA, isiowion 55°C < Tp < 128°C 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER a3 SE/NE5539 


CIRCUIT LAYOUT CONSIDERATIONS 

AS may be expected for an ultra-high fre- critical. Breadboarding is not recom- favorable system operation. An example 
quency, wide gain bandwidth amplifier, mended. A double-sided copper clad utilizing a 28dB non-inverting amp is 
the physical circuit layout is extremely printed circuit board will result in more shown in Figure 1. 


OPTIONAL 
OFFSET 
ADJ. 


+V 


750 
O VouT [a 


Ry = 752) 5% CARBON Rs = 20K TRIMPOT (CERMET) RFC 37 # 26 BUSSWIRE ON 

R2 = 75{) 5% CARBON Re = 1.5K (28dB GAIN) FERROXCUBE VK 200 09/38 CORE 
R3 = 752 5% CARBON Re = 47002 5% CARBON) BYPASS CAPACITORS 

Rq4 = 36K 5% CARBON inF CERAMIC 


(MEPCO OR EQUIV.) 


BOTTOM PLANE 
COPPER’ 


TOP PLANE COPPER' 
(Component Side) 


COMPONENT SIDE 
(Component Layout) 
° 


: 


NE 5539 é .. 


NOTE ra 
w/co mp. (X) indicates ground connection to top plane. 


* Rg is on bottom side. 


NOTE 1: Bond edges of top and bottom ground plane copper. 


Figure 1. 28dB Non-Inverting Amp Sample P.C. Layout 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NE5539 


NE5539 COLOR VIDEO 
AMPLIFIER 


The NE5539 wideband operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown in Figure 2 
along with vector-scope’ photographs show- 
ing the amplifier differential gain and phase 
response to a standard five step modulated 
Staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bottom to the top of 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
+0.1°. 


The amplifier circuit was optimized for a 750 -y 
input and output termination impedance with 
a gain of approxirnately 10 (20dB). = 
NOTE 

The input signal was 200mV and the output 2V. 
Veco was +8V. Figure 2. NE5539 Video Amplifier 


WOR A AARC ODODE AAAAR RANA IIOOENES PY AAAS AAAS ARR EAR AS 8 YR NO 


Figure 3. Input Signal Figure 4. Differential Gain <0.5% 


NOTE: 
1. Instruments used for these measurements were Tektronix, 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER SE/NES539 


Figure 5. Differential Phase +0.1° 


APPLICATIONS 


Zo = 800 


{NON-INVERTING FOLLOWER] 


Figure 6 


3.3pF 


{INVERTING FOLLOWER] 


Figure 7 


*For additional information, consult the Applications Section. 
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DESCRIPTION FEATURES 
The NE5592 is a dual monolithic, two stage, © 120MHz bandwidth 
differential output, wideband video amplifier. © Adjustable gains from 0 to 400 
It offers fixed gain of 400 without externalcom- ¢ Adjustable pass band 
ponenis or adjustable gains from 400 toO with © No frequency compensation required 
one external resistor. The input stage hasbeen ° Wave shaping with minimal external 
designed so that with the addition of a few components 
external reactive elements between the gain 
select terminals, the circult can function as a 
high pass, low pass, or band pass filter. This APPLICATIONS 
feature makes the circult ideal for use as a = ®: Fioppy disk head amplifier 
video or pulse amplifier in communications, © Video amplifier 
magnetic memories, display, video recorder ¢ Pulse amplifier in communications 
systems, and floppy disk head amplifiers. * Magnetic memory 
e Video recorder systems 


ABSOLUTE MAXIMUM RATINGS T, = 25°C uniess otherwise specified. 


SYMBOL AND PARAMETER RATING UNIT TOP VIEW 
Supply voltage +8 V ORDER NUMBER 
Differential input voltage 5 V NES5592D, NES592N 
Common mode 

Input voltage | +6 V 
Output current 10 mA 
Operating temperature range 

NE5592 0 to +70 °C 
Storage temperature range —65 to +150 °C 
Power dissipation | 500 mw 


EQUIVALENT CIRCUIT 


O OUTPUT 1 


O OUTPUT 2 
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VIDEO AMPLIFIER _  NES592 


DC ELECTRICAL CHARACTERISTICS T, =+25°C,Vsgg = +6V, Voy = 0 unless otherwise specified. Recommended operating 


supply voltage Vs = +6.0V. Gain select pins connected together. 
PARAMETER TEST CONDITIONS 


Differential voltage gain R, = 2k, Voyr = 3V PP 


Bandwidth na 
Rise time Vout > 1¥ PP 
Propagation delay Vout = 1V p-p 


Input resistance 
Input capacitance 
Input offset current 
Input bias current 

| Input noise voltage 
Input voltage range 


BW 1kHz to 10MHz 


Common mode rejection ratio Vom + 1V, f <100kHz 
Vom + 1V, f = 5MHz 


AVg = +0.5V 


Vout =1V p-p; f = 100kHz 
output referenced) R, = 1kQ 


Supply voltage rejection ratio 


Channel separation 


Output offset voltage 
Gain select pins open 

Output common mode voltage 

Output differential voltage swing 

Output resistance 

Power supply current 

(Total for both sides) 


Input resistance 

Input offset current 

Input bias current 
Input voltage range 


Vom + 1V, f <100kHz 
Rs cee 0) ; 
AVs = +0.5V 


Vout = 1V p-p; f = 100kHz | 2 
(output referenced) R, = 1kQ 


Common mode rejection ratio 


Supply voltage rejection ratio 


Channel separation 


Output offset voltage 
Gain select pins connected together 
Gain select pins open 

Output differential voltage swing 

Power supply current 

(Total for both sides) 
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VIDEO AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS 


COMMON MODE REJECTION RATIO 


AS A FUNCTION OF FREQUENCY 


© 100 


6 wort) Ht | 
3 


30 

a a a 
re eetieett 
; Ee ee EE 


108 108 107 108 
FREQUENCY - Hz 


COMMON MODE REJECTION 


DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 


ee 
Pet Tees Math la elo 
SaSeREP oe 
4 - 


EZaeee 


OVERDRIVE RECOVERY TIME - ns 


0 
0 40 80 120 160 200 
DIFFERENTIAL INPUT VOLTAGE - mV 


VOLTAGE GAIN AS A 
FUNCTION OF TEMPERATURE 


RELATIVE VOLTAGE GAIN - dB 


1.6 
0 10 20 30 40 50 60 70 
TEMPERATURE: °C 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 


Ry = 1k2 
Ta = 25°C 


OUTPUT VOLTAGE — Vp» 


104 105 106 107 108 
FREQUENCY - Hz 


PULSE RESPONSE AS A 
FUNCTION OF SUPPLY VOLTAGE 


OUTPUT VOLTAGE - V 


-15-10-5 0 5 10 15 20 25 30 35 
TIME - ns 


GAIN vs FREQUENCY AS A 
FUNCTION OF TEMPERATURE 


mai 
PP TE NATE 
BR ll 
BOLIC ce: Wall 
CH Pere ct 
PETE TE EE 
REGAN ReRE 


10 
105 106 107 108 109 
FREQUENCY - Hz 


VOLTAGE GAIN - dB 
w 
° 


OUTPUT VOLTAGE - V 


CHANNEL SEPARATION - dB 
i 
> 


NE5592 


CHANNEL SEPARATION AS A 
FUNCTION OF FREQUENCY 


PCO eer 
OP 
PG eieieeill 
A TT EU 
Oe Ee ee Ey 
Pee ese cet PEM at 
105 106 107 108 109 
FREQUENCY - Hz 


-60 


- PULSE RESPONSE AS A 
FUNCTION OF TEMPERATURE 


-15-10-5 0 5 10 15 20 25 30 35 
TIME - ns 


VOLTAGE GAIN AS A 
FUNCTION OF SUPPLY VOLTAGE 


VOLTAGE GAIN - dB 


SUPPLY VOLTAGE - V 
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VIDEO AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


GAIN vs FREQUENCY AS A FUNCTION 
OF SUPPLY VOLTAGE 


Vg = +8V1 ||} 


etree | ti | Lt 
aia ATT 


es PO NNT 
CCH NA CLIT 
COOLANT 
COCA ial 
PCIE 
LLU ECT 


0 
105" 106 107 108 109 
FREQUENCY - Hz 


VOLTAGE GAIN - dB 
ow 
o 


SUPPLY CURRENT AS A 
FUNCTION OF TEMPERATURE 


- SUPPLY CURRENT - mA 


TA AT 
RERER “ARR EEEE 


° 


0 10 20 30 40 50 


0 70 
MPERATURE - °C 


-{ 
m 
Be 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF LOAD RESISTANCE 


1| 


OUTPUT VOLTAGE SWING - Vp-p 


i=] 


101 402 “40? 404 
LOAD RESISTANCE - OHMS 
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PHASE vs FREQUENCY AS A FUNCTION 
OF SUPPLY VOLTAGE 


Ry = 1k2 


PLU ETAT | [te = asec 
pice tn nn 
ee 
HIT Neate 


or Vs = £3V 


PHASE SHIFT - DEGREES 
© 
o 


105 106 107 108 109 
FREQUENCY - Hz 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 


Ta = 25°C +++ 
getty le Rees 
—_ae aera ee 
poi tpt 
e pte 
Be 
z Zt 
5 ee 

Stee eee 
‘ i 
3 7 8 


ere ryeLeAeke tV 


INPUT RESISTANCE 
AS A FUNCTION OF 
TEMPERATURE 


INPUT RESISTANCE - kQ 


20 30 40 
TEMPERATURE - °C 


50 60 70 


VOLTAGE GAIN 


INPUT NOISE VOLTAGE - nV/V Hz 


NE5592 


VOLTAGE GAIN AS A FUNCTION 
F Rapy. 


OUTPUT VOLTAGE SWING AND 
SINK CURRENT AS 
A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING - Vp 
OUTPUT SINK CURRENT - mA 


SUPPLY VOLTAGE - iV 


INPUT NOISE VOLTAGE AS A 
FUNCTION OF FREQUENCY 


A AS A, STATA SNES 


HH 
1 102. 104 = 108 = 108 = 1019 
FREQUENCY - Hz 


LINEAR LSI PRODUCTS 


VIDEO AMPLIFIER 


NE5592 


TEST CIRCUITS Ta = 25°C unless 


otherwise specified 


Vg = t6V Ta = 25°C 
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VIDEO AMPLIFIER 


SE/NE592 


DESCRIPTION 

The SE/NE592 is a monolithic, two stage, dif- 
ferential output, wideband video amplifier. It 
offers fixed gains of 100 and 400 without ex- 
ternal components and adjustable gains from 
400 to 0 with one external resistor. The input 
stage has been designed so that with the ad- 
dition of a few external reactive elements bet- 
ween the gain select terminals, the circuit can 
function as a high pass, low pass, or band pass 
filter. This feature makes the circuit ideal for 
use as a video or pulse amplifier in com- 
munications, magnetic memories, display, 
video recorder systems, and floppy disk head 
amplifiers. Now available in an 8-pin version 
with fixed gain of 400 without external com- 
ponents and adjustable gain from 400 to 0 with 
one external resistor. 


ABSOLUTE MAXIMUM RATINGS T, 


SYMBOL AND PARAMETER 


Supply voltage 
Differential input voltage 
Common mode 

Input voltage 


Output current 
Operating temperature range 
SE592 
NE592 
Storage temperature range 
Power dissipation 


EQUIVALENT CIRCUIT 
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FEATURES PIN CONFIGURATION 

¢ 120MHz bandwidth 

e Adjustable gains from 0 to 400 D014, F14, N14 PACKAGE 

¢ Adjustable pass band 

¢ No frequency compensation required 

e Wave shaping with minimal external 
components 


APPLICATIONS Gia GAIN [4] 
e Floppy disk head amplifier 

e Video amplifier 

¢ Pulse amplifier in communications 
e Magnetic memory OUTPUT 2 | 8] OUTPUT 1 


e Video recorder systems TOP VIEW 


ORDER NUMBERS 


NE592D14 NE592N14 
NE592F 14 SE592F 14 


H PACKAGE" 
Ga GAIN SELECT 


= +25°C unless otherwise specified. | INPUT 14 |_| Gia GAIN 
: SELECT 
RATING 


+8 
£5 


INPUT 2 


Gap GAIN 
SELECT 


Gig GAIN 


+6 SELECT 


10 NOTE 


Pin 5 connected to case 


ORDER NUMBERS 
NES92H SE592H 


—55 to +125 
0 to +70 
—65 to +150 
500 


*Metal cans (H) not recommended for new designs. 


D8, F8, N8 PACKAGE 


Gia GAIN 
SELECT 


TOP VIEW 


O OUTPUT 1 ORDER NUMBERS 


NE592D8 NE592N8 
NES92F8 SE592F 8 


O OUTPUT 2 


Also N8, N14, D8 and D14 package parts available 
in “High” gain version by adding ‘‘H”’ before package 
designation, as: NE592HD8. 


LINEAR LSI PRODUCTS 


VIDEO AMPLIFIER SE/NE592 


DC ELECTRICAL CHARACTERISTICS: T, = +25°C, Vgg = +6V, Voy = 0 unless otherwise specified. Recommended operating 
supply voltages Vs = +6.0V. All specifications apply to both standard and high gain parts 
unless noted differently. 


Sheen | Nesoz | ese | 
| _testeowomons at | Typ | Max | Min | Typ | Max | 
Gain 1! 


|} 250 | 400 | 600 on 400 | 500 VIV 
Gain 22.4 80 100 | 120 100 | 110 VIV 


Tc [oacealescedl Uae 


PARAMETER 


Differential voltage gain, 
standard part 


Ri = 2kQ, Vout a3 p-p 


Bandwidth 
Gain 11 40 40 MHz 
Gain 22.4 90 90 MHz 
Rise time 


Gain 1! 
Gain 22.4 


Propagation delay 
Gain 1! 
Gain 22.4 


Input resistance 

Gain 11 

Gain 22.4 
Input capacitance? 
Input offset current 
Input bias current 
Input noise voltage 
Input voltage range 


Gain 24 


BW 1kHz to 10MHz 


Common mode rejection ratio 
Gain 24 
Gain 24 
Supply voltage rejection ratio 
Gain 24 


Output offset voltage 
Gain 1 
Gain 24 
- Gain 33 
Output common mode voltage 
Output voltage swing differential 
Output resistance 
Power supply current 


Vom + 1V, f<100kHz 
Vom + 1V, f = 5MHz 


Differential voltage gain, 
standard part 


Gain 1! 600 VIV 

Gain 22.4 4 VIV 
High gain part VIV 
Input resistance 

Gain 22.4 kQ 
Input offset current 5.0 pA 
Input bias current 40 pA 
Input voltage range V 


NOTES: 

1. Gain select pins G,, and G,, connected together. 
2. Gain select pins Go, and Gy, connected together. 
3. All gain select pins open. 

4. Applies to 14-pin version only. 
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VIDEO AMPLIFIER | — SE/NE592 


DC ELECTRICAL CHARACTERISTICS: (cont.) T, = +25°C, Vsg = +6V, Vow = 0 unless otherwise specified. Recommended 
operating supply voltages Vo = +6.0V. All specifications apply to both standard 
and high gain parts unless noted differently. 


| | NEsoz =| SESOZ 
ee 


THE FOLLOWING SPECS APPLY OVER TEMPERATURE O°C<T,< 70°C |-55°C<T,< 125°C) | 


Common mode rejection ratio 
Gain 24 dB 
dB 
1.5 V 
1.2 V 
1.0 V 
V 
27 mA 


Vom + 1V, f <100kHz 
Supply voltage rejection ratio - 
Gain 24 


Output offset voltage 
Gain 1 
Gain 24 
Gain 33 
Output voltage swing differential 
Power supply current 


AVs = +0.5V 


NOTES: 

1. Gain select pins G,, and G,,_, connected together. 
2. Gain select pins G2a and Gog, connected together. 
3. All gain select pins open. 

4. Applies to 14-pin version only. 
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VIDEO AMPLIFIER SE/NE592 


TYPICAL PERFORMANCE CHARACTERISTICS 


COMMON MODE REJECTION OUTPUT VOLTAGE SWING PULSE RESPONSE 
RATIO AS A FUNCTION OF FREQUENCY AS A FUNCTION OF FREQUENCY 


1.6 
pate i i a 
ise sO 
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Fee ie a 
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wi ; ad 

Q 9 2 

3 5 5 

z re) 
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LINEAR LSI PRODUCTS _ 


VIDEO AMPLIFIER . SEINES92 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) — 


GAIN vs FREQUENCY VOLTAGE GAIN VOLTAGE GAIN 


AS A FUNCTION OF ADJUST CIRCUIT AS A FUNCTION OF 
SUPPLY VOLTAGE RADJ (FIGURE 3) 


1000 


= 26°C 


100 


SRE UTE ee ee Menem eens eee me 


1k 


SINGLE ENDED VOLTAGE GAIN—dB 
DIFFERENTIAL VOLTAGE GAIN—V/V 


1 10 50 100 erie 7 see a i Pr eee ana es Mae ee) 
== = 1 10 100. 1K ‘10K 100K 4 
POL QUENCY. Wits Ss A= 25°C . 


SUPPLY CURRENT SUPPLY CURRENT OUTPUT VOLTAGE AND 


AS A FUNCTION _ AS A FUNCTION CURRENT SWING AS 
OF TEMPERATURE OF SUPPLY VOLTAGE A FUNCTION OF 


SUPPLY VOLTAGE 


2 
o 


iF] 


al 
me 
é 


SUPPLY CURRENT—mA 
SUPPLY CURRENT—mA 
OUTPUT VOLTAGE SWING—V OR 
OUTPUT SINK CURRENT—mA 


1.0 


TEMPERATURE—°C sites pameear: ty © suppLY VOLTAGE #V 
OUTPUT VOLTAGE SWING INPUT RESISTANCE INPUT NOISE VOLTAGE 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 


LOAD RESISTANCE TEMPERATURE SOURCE RESISTANCE 


GAIN 2 GAIN 2 
Vg= té6V Vg* t6V 
PCy, pa HH - 4 Sot 


INPUT RESISTANCE—K 
P 
° 
INPUT NOISE VOLTAGE—+ Vrms 


OUTPUT VOLTAGE SWING—V pp 


0 2 60 
LOAD RESISTANCE— 1) TEMPERATURE—°C 


SOURCE RESISTANCE—() 
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VIDEO AMPLIFIER SE/NE592 
TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) TEST CIRCUITS Ta = 25°C unless 


otherwise specified 


PHASE SHIFT AS A PHASE SHIFT AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 


PHASE SHIFT—OEGREES 
PHASE SHIFT—DEGREES 


FREQUENCY—MHz FREQUENCY—MHz 


VOLTAGE GAIN ASA VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 


Vs= *6V 
Ta 258°C 
Ry = 1K 


Ron 
Ve 
eS 
_\ 

fled 


VOLTAGE GAIN—dB 
VOLTAGE GAIN—dB 
1 if 


FREQUENCY—MHz FREQUENCY—MHz 
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VIDEO AMPLIFIER | SE/NE592 


TYPICAL APPLICATIONS 


FILTER NETWORKS 


FILTER Vo (s) TRANSFER 
een TYPE Vi (s) FUNCTION 


LOW PASS 


HIGH PASS F = | 


BAND PASS 


Vo (s) 1.4 X 104 s2+R/L s+ si 
1 . 


V1 (s) Z(s) + 2re 


1.4.X 104 14xX104{ 82+ /LC 
Zs) + 32 | -o | BAND REJECT | ge + 1/LC + S/RC 


BASIC CONFIGURATION | 


NOTE 


in the networks above, the R value used is 
assumed to include 2re, or approximately 32N. 


DIFFERENTIATION WITH 
HIGH COMMON MODE 
NOISE REJECTION 


DISC/TAPE PHASE MODULATED READBACK SYSTEMS 


AMPLITUDE: 1-10 mV pop 


FREQUENCY: = 1-4 MHz 47 pra 


READ HEAD 


FOR FREQUENCY Fy <<1/2 m (32) C 
Vo = 1.4X toc So 
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“DIFFERENTIAL VIDEO AMPLIFIER __4A7331733C 


DESCRIPTION 


The 733 is a monolithic differential input, 
differential output, wideband video amplifi- 
er. It offers fixed gains of 10,100 or 400 
without external components, and ad- 
justable gains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band- 
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit- 
ter follower outputs provide low output im- 
pedance, and enable the device to drive ca- 
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi- 
er in communications, magnetic memories, 
display and video recorder systems. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES PIN CONFIGURATION 
© 120MHz bandwidth F,N PACKAGE 
© 250k02 input resistance 
e Selectable gains of 10,100 and 400 
e No frequency compensation required 
@ Mil std 883A,B,C avaliable Gap GAIN 
SELECT 

G1p GAIN 

APPLICATIONS mas 


e Video amplifier 

e Pulse amplifier in communications 

¢ Magnetic memories OUTPUT 2 /8] OuTPUT 1 

e Video recorder systems 
TOP VIEW 


ORDER NUMBERS 
pA7T33F pA733CN 
pA733N pA733CF 


PARAMETER RATING UNIT 


Differential input 
Voltage 

Common mode input 
Voltage 

Vec 

Ouput current 


Junction temperature 
Storage temperature range 
Operation temperature range 
pA733C 
pA733 
Pp Power dissipation 
K package 
N, F package 


CIRCUIT SCHEMATIC 


+8 
10 
+150 
-65 to +150 


0 to +75 
-55 to +125 


500 
670 
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LINEAR LSI PRODUCTS 


DIFFERENTIAL VIDEO AMPLIFIER 4733/7330 


DC ELECTRICAL CHARACTERISTICS T, = + 25°C, Vs= +6V, VCM=0 unless otherwise specified. 


Recommended operating supply voltages Vs = + 6.0V 


7 er uA733C “Aga 
PARAMETER TEST CONDITIONS UNITS 
| Panaweren | Min | Typ | Max | Min | Typ | Max | 


eure voltage gain 


Gain 1? 250 400 600 300 400 500 
Gain 2? Ri = 2kQ, Vout = 3Vp.p - 100 a a 110 
Gain 3° 14 


Bandwidth 
Gain 117 
Gain 22 
Gain 3° 

Rise time 

Gain 11 

Gain 22 

Gain 3° 


Propagation delay 
Gain 11 
Gain 22 
Gain 3° 


Input resistance 

Gain 12 

Gain 22 

Gain 3° 
Input capacitance? 
Input offset current 
Input bias current 
Input noise voltage 
Input voltage range 


Common mode 
Rejection ratio 
Gain 2 
Gain 2 
Supply voltage 
Rejection ratio 
Gain 2 


Output offset voltage 

Gain 1' 

Gain 2 and 32° 
Output common mode voitage 
Output voltage swing, differential 
Output sink current 
Output resistance 
Power supply current 


Differential voltage gain 
Gain 1' 250 600 200 600 VIV 
Gain 2? R, = 2kQ, Voyr = 3Vp-p 80 120 80 120 VIV 
Gain® 8 12 8 12 VIV 


Vout = 1 Vp-p 


Gain 2 


BW = 1kHz to 10MHz 


VCM= +1V, f <= 100kHz 
VCM = +1V, F = 5MHz 
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DIFFERENTIAL VIDEO AMPLIFIER pA733/733C 


DC ELECTRICAL CHARACTERISTICS (Continued) 


7396 
PARAMETER TEST CONDITIONS _ 


Input resistance 
Gain 2? 

Input offset current 

Input bias current 

Input voltage range 


Common mode 
Rejection ratio 


Gain 2 
Supply voltage 
Rejection ratio 

Gain 2 


Output offset voltage 
ain 1! 


_ Gain 2 and 32:3 
Output voltage swing, differential 
Output sink current 
Power supply current 
NOTES 
1, Gain select pins G, 4 and Gy connected together 
2. Gain select pins Goa and Gog connected together. 
3. All gain select pins open. 


TYPICAL PERFORMANCE CHARACTERISTICS 


PHASE SHIFT AS A PHASE SHIFT AS A VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
0 . 
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] wd 
-20 g 
7 77) 
Seas te ol ol 
4 65 0 1 5 100 500 1000 5 
FREQUENCY—MHz PREQUENCY.-MHs FREQUENCY—MHz 
COMMON MODE REJECTION OUTPUT VOLTAGE SWING PULSE RESPONSE 
RATIO AS A FUNCTION AS A FUNCTION 
OF FREQUENCY OF FREQUENCY 
100 1.6 
eo HL HH Ut ee 6 
SS eeeN IT Ts : apt} tt tt 
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_ DIFFERENTIAL VIDEO AMPLIFIER es ——— pA733/733C 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


DIFFERENTIAL PULSE RESPONSE PULSE RESPONSE 


OVERDRIVE. AS A FUNCTION AS A FUNCTION 
RECOVERY TIME OF SUPPLY VOLTAGE | OF TEMPERATURE 
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LINEAR LSI PRODUCTS 


PROGRAMMABLE SEVEN CHANNEL RC ENCODER 'NE5SO44 


DESCRIPTION APPLICATIONS PIN CONFIGURATION 
The NE5044 is a programmable parallel in- © Radio controlled aircraft, cars, 
put, serial output pulsewidth encoder. A boats, trains D,N PACKAGE 
multiplexed dual linear ramp technique is © industrial controllers 

used to allow up to 7 inputs to be converted © Remote controlled entertainment 
to a serial pulsewidth modulated signal with systems 

excellent linearity and minimal crosstalk. © Security systems 

Fixed or variable frame rates can be used, ® instrumentation recorders/controis 
externally controlled, for ease of demodula- °® Remote Analog/digital data 


tion. An onboard 5V regulator eliminates transmission 
power supply sensitivities and provides up ® Automotive sensor systems 
to 20mA current capability for driving exter- © Robotics 11) SER OUTPUT 
nal loads. ¢ Telemetry 
FEATURES 
e 3 to 7 channels, externally selectable lad 
e Constant current dual linear ramp ORDER NUMBERS 
for linearity better than .3% Resoreg:, Senet 


© Internal voltage regulator for low drift © ABSOLUTE MAXIMUM RATINGS! 
© Wide supply range 4.5 - 16V 


PARAMETER RATING UNIT 
e Fixed or variable frame rate set 


by external R-C Voc, Supply voltage 17 

e External control for channel gain Regulator ouput current —25 
or range Serial output peak current 30 

© Versatile applications; exponential Constant current generator 1 
rates, mixing, dual rate, reversing etc. Parallel inputs, range input 0-VrREG 

© Compatible with all transmission One shot input, frame generator input 0-VREG 
mediums Operating temperature —20 to +75 
; Storage temperature —65 to +150 

NOTE 


BLOCK DIAGRAM 1. Ta = 26° unless otherwise stated. 


CONSTANT 13 
CURRENT 0) 
GENERATOR 


Ry 
|! 'Cmux at 
ONE SHOT 
MULTIPLEXER 
PARALLEL 
INPUTS VMUX : 


Vn 


VOLTAGE REGULATOR 


NTROL hee 
eee ie age GENERATOR 
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LINEAR LSI PRODUCTS 


PROGRAMMABLE SEVEN CHANNEL RC ENCODER 


E5044 


DC ELECTRICAL CHARACTERISTICS Test conditions Ta = 25°C, Voc = 10V using Test Circuit A uniess otherwise stated. 


PARAMETER 


POWER SUPPLY REQUIREMENTS (Note 1) 
Power supply voltage range 


Power supply current 


VOLTAGE REGULATOR 


Output voltage 
Output current 
‘Line regulation 
MULTIPLEXER 
Input current 
input voitage range 
Crosstalk 


OUTPUT PULSE 
Position 


Position linearity error 
Position tempco 
Position PSR 


Width 

Saturation voltage 
Leakage current 
Range input voltage 


Frame time (Fixed) 
Inhibit threshold 


NOTE 


1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 500 in series with Voc is recommended. 


OUTPUT PULSE WIDTH (T,) 


vs INPUT VOLTAGE (Vp) 


Ta = 25°C unless otherwise stated 


Vay (VOLTS) — 
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TEST CONDITIONS 


Excluding control pots and 
serial output currents 


Vp = 4.5V 


17sVec = 16 


Vn = 2,.5v 
Vn oo VRange = .75V 


R) e Cmux = 1.25ms 
Vn = -SVREG: VRANGE = -2VREG 


0°C <Ta < 70°C. 
6V < Vcc < 16V 


RoCo = 300u8 
lo = 25mA 


Ry = 50k2 
Ry = 25k2 
ReCe = 30ms © 


FRAME TIME (Tr) vs Rp 


Re (k:)) — 


NE 5044 


| Min | tye | Max | 


OUTPUT ONESHOT TIME (To) vs Ro 


To (us) —> 


Rolk!!) > 


LINEAR LS! PRODUCTS 


PROGRAMMABLE SEVEN CHANNEL RC ENCODER 


OUTPUT SATURATION VOLTAGE CONSTANT CURRENT vs R; 
ve OUTPUT CURRENT 


lomux (2A) — 


PNET 

PLHIN TT 
20 a 

CTT SS 


20 304060 100 
Ry (KR) 


TEST CIRCUIT 


NE5SO44 
CHANNEL 


t 
ENCODER 


NOTE 
1, At supply voltages exceeding 12V, a current limiting resistor of 20 to S0N In series with Voc is recommended 


OUTPUT PW 


FRAME WIDTH 


NE5044 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER | E5044 


Vetamp 


Vicmux) 


VRANGE 


a be ee eee ee Fate Be, hee eae eo oo, 2 


il caiscswisiamainauanionier’ 
eee RATE, eee 


Figure 1. Encoder Timing Diagram — Fixed Frame 


O Voc 5V-16V 


CHANNEL 1 
BYPASS 


CHANNEL 2 


CHANNEL 3 


CHANNEL 4 CURRENT 


CHANNEL 5 


CHANNEL 6 OUTPUT 


CHANNEL 7 


GROUND 


Figure 2 
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LINEAR LS! PRODUCTS 


PROGRAMMABLE SEVEN CHANNEL RC ENCODER 


NES044 


A. CIRCUIT OPERATION 

The NE5044 is a programmable parallel in- 
put, serial output encoder containing all 
the active circuitry necessary to generate 
a precise pulsewidth modulated signal 
with 3 to 7 channels. The number of chan- 
nels is externally programmabie by 
grounding unused control inputs. A multi- 
plexed dual linear ramp technique is used 
to provide excellent linearity, minimal 
crosstalk and low temperature drift. An 
onboard 5-volt regulator eliminates power 
supply sensitivities and has up to 20mA 
current capability for driving external 
loads. The encoder can be used in the 
fixed frame mode or, with the addition of 
one external NPN transistor, as a variable 
frame encoder. 


The multiplexer functions as a strobed 
voltage follower so that each input, when 
active, appears as a high impedance input 
(> 1MQ) and transfers the input vo/tage to 
the output. Only one of the seven inputs is 
active at any time and when a given input 
is inactive, it appears as an open circuit. 
The high impedance multiplexer inputs 
eliminate loading on control inputs and 
simplify mixing circuits where several 
controls may be mixed onto one input. 


Channei 4, 5, 6 and 7 inputs may also be 
used to select the desired number of out- 
put pulses by grounding one or more of 
these pins. That is, by grounding pin 4 
(channel 4 input) only the first three inputs 
of the encoder will be used and a 
3-channel encoder results. Grounding pin 
5 results in a 4-channel encoder and so on. 
Thus, any number of channels between 3 
and 7 may be selected. Internal voltage 
clamping prevents encoder malfunction if 
any input is shorted to supply, ground or 
open circuited. The remaining channels 
will continue to be encoded except as 
noted above. This feature eliminates 
catastrophic failures due to control pot 
opens or shorts. 


The constant current generator is a bidi- 
rectional current source whose current is 
set by an external resistor R,, where: 


Va 
= + OR, 


The current generator alternately charges 
and discharges the capacitor C,,,,. An in- 
ternal feedback loop maintains a constant 
current and very high output impedance. 
This yields a typical linearity error of voit- 
age input to pulsewidth output for the en- 
coder of less than 0.1%. An external 
capacitor, C,, is required to insure stability 
of the feedback loop. 


Two high gain comparators, C1 and C2, 
compare the voltage across C,,,,, with the 
multiplexer output voltage and the range 
input voltage. The input bias currents and 
offset voltages of these comparators are 
sufficiently low so as to not influence the 
overall accuracy of the encoder. The com- 
parators feed the counter control logic 
which in turn controis the counter and cur- 
rent generator. The operation of this loop 
is as follows: When I. is positive (sourced 
from the current generator into C,,,,,) the 
capacitor linearily charges up until it 
reaches a voltage equal to the multiplexer 
output voltage, assume this to be the volt- 
age at pin 1, V1. At this time the output of 
C1 goes high which reverses the direction 
of |, (sinking into current generator from 
Cmux)» Cmux NOW linearly discharges until it 
reaches the voltage set On pin 12, Viange- 
At this time the output of C2 goes high 
which again reverses the polarity of |,, 
clocks the counter and triggers the output 
one shot. C,,,, again charges up but now 
C1 goes high when C,,,,, reaches V2, the 
voltage on pin 2. The resulting voltage 
waveform on C,,,, iS a triangle wave 
whose positive peaks correspond to the 
voitages on pins 1 through 7 for the first 
through seventh peak and whose negative 
peaks are constant and equal tO Viange- 
This waveform is shown in the first portion 
of Figure 1. 


Independent control of |, and Viange allows 
the encoder to be tailored to virtually any 
combination of input voltage changes and 
output pulsewidth changes. The func- 
tional relationships between these 
variables will be defined in the next sec- 
tion. 


The frame generator controls the encoder 
frame time. It can operate as an astable or 
monostable multivibrator whose period is 
.66X ReCe. The encoder will generate a 
synchronizing pulse at the end of each 
frame. When C,,,, reaches the seventh 
positive peak it reverses and discharges to 
Viange: |he counter is clocked to the state 
where Q, is high when VCnux= Vrange- 
Crux again charges up Dut now the output 
of C1 is ignored, due to Q, being high, and 
charges up tO Veiamp and remains there. 
The encoder will remain in this state until 
a pulse from the frame generator is receiv- 
ed. If Re and C; are connected as shown in 
the Block Diagram, then the frame gener- 
ator operates in the astable mode produc- 
ing a narrow pulse output. This pulse 
allows C,,, to start discharging again. 
When Crux reaches Vrange, the counter is 


clocked to the state where Q, is high 
(channel 1) and the entire process starts 
over. The frame period in this mode is 
.66 x R-Ce and is referred to as the fixed 
frame mode. The variable frame mode will 
be discussed in the application section. 


The output one-shot generates a positive 
pulse whose width is equal to R,C,. The 
outout is an cpen collector, NPN tran- 
sistor capable of sinking 25mA. This con- 
figuration allows the encoder to drive a 
wide variety of RF stages as weil as pro- 
viding current pulses in 2 wire com- 
munications applications. 


B. ENCODER DESIGN 
EQUATIONS 


The triangular waveform on C,,,, has a 
fixed slope (constant current) and variable 
positive peak voltages. The time between 
the negative peaks of C,,,,, which is equal 
to the output period for that channel, is 
given by: 


ge 

c 
I, is given by: 
ae 
c™ QR, 


where Va= Reference Voltage. 


Additionaily, V,, the voltage on pin n, 
which is the control voltage for channel n, 
is typically the wiper voltage on a pot con- 
nected between Vp, and ground. Thus 
Vij= XaVp,. 


N guee is also derived from Vp so that 
range = Y Va. The resulting channel time  ====esrs 
period is: 


7 2 (X_- Y) VR bs Cmux 
ae (VA/2R)) 


Ty, = 4R, CmuxtXn - Y) 


Thus, each channel! pulse width, T,,, is in- 
dependent of supply voltage and depends 
only on external passive components. 


The conversion rate, CR, for each channel 
is the change in output period, AT,, 
divided by the change in input voltage for 
that channel, AV,,. 


te? 
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PROGRAMMABLE SEVEN 


CHANNEL RC ENCODER — 


~NESO44 


In most applications, the input variable X,, 
will have some neutral or center value 
about which it will vary, thus 


where X, is the neutral value for X and is 
assumed to be the same for all n. Now 


T,= 4R C mux (Xo- V+ Xn) 


If we let T Neutral = 4RiCmuyx(Xo — Y) be the 
neutral value for T,, then — 


Tn = Treutral + 4RiCmux(Xn) 


Consider the following example to see 
how these design equations are used. 


Assume: 


Theutral = 1-59™MS 


X,=0.5 — Control pot in center at 
Th = Treutral 
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Ax, = + 0.1 — Control pot resistance 
varies + 10% (of total resistance) 
around neutral. This should include 
mechanical trim if used. 

| AT, = +0.5ms 


For this example, the conversion rate is 


CR= ae ear 5ms 
sO 

4RiC mux = SMS. 
It we let Cony, = .047uF 

R= RO = 26.5k0 = 27k0 
and 


Treutral = 1.5ms= 4RiCmux (Xo- Y) 


1.5ms 
Y=0.5- ine =0.2 


The output pulse width is given by 
To = RCo 
so if T,=330us and C,= .01uF 


_ 330us _ | 
Ro= poe = 33k0. 


The frame time constant, T¢, is given by 
Te= .66 R-Ce } 
If Te = 20ms and Ce= .47yF 


20ms 
Re= eex a7, 7 Ok 


Figure 2 shows the external connections 
for this example. 


It should be noted that the temperature 
stability of all the encoded times depend 
on the temperature coefficients of the 
respective external R, time constants. No 
internal temperature compensation is 
used on the chip. The typical temperature 
sensitivity of T, using wirewound resis- 
tors and polycarbonate capacitors is less 
than 100ppm/°C in the ~ 20°C to + 70°C 
temperature range. For the above example, 
this corresponds to a change in T,, of + 7.5us 
for a change in temperature of +50°C.* 


*For additional information, consult 
the Applications Section. 
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SEVEN CHANNEL RC DECODER 


NESO45 


DESCRIPTION 

The NE50O45S is a serial input, parallel output, 
decoder intended for applications in pulse 
width or pulse position modulation systems. 
The serial input pulse, either positive or neg- 
ative, is shaped and amplified before being 
fed to the counter/decoder. An integrating 
type sync. separator detects pulses greater 
than Ty = RgCg. The amplified input pulse 
triggers an internal one-shot (minimum 
pulse) which in turn clocks the counter-de- 
coder, thereby enhancing system noise re- 
jection. A missing pulse detector resets the 
decoder during the sync. pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod- 
er logic. 


FEATURES 

¢ Decodes up to 7 channels 

¢ High gain input amplifier 

e Externally set sync. pause and 
minimum pulse 

Wide supply voitage range, 3.6V-8V. 
Positive or negative pulse inputs 
Noise and flutter rejection 

Outputs reset to zero without Inputs 
Compatible with all transmission 
mediums 


BLOCK DIAGRAM 


> 


CURRENT 
GENERATOR 


APPLICATIONS 


Radio controlled aircraft, cars, 
boats, trains 
Industrial controllers 


e Remote controlled entertainment 


systems 


e Security systems 


Instrumentation recorders/controils 
Remote Analog /digital data 
transmission 


e Automotive sensor systems 
e Robotics 
e Telemetry 


ABSOLUTE MAXIMUM RATINGS1 


PARAMETER 


Vcc, Supply voltage 
Regulator output current 
Decoded output current 
Pause input voltage 
Input amplifier voltage 
Operating temperature 
Storage temperature 


NOTE 


1. 


Ta = 25°C unless otherwise stated 


CHANNEL 1 
CHANNEL 2 


CHANNEL 3 


COUNTER 
DECODEA 


CHANNEL 4 


CHANNEL 5 


CHANNEL 6 


CHANNEL 7 


PIN CONFIGURATION 


D,N PACKAGE 


ourpuT 1 {1 | 
OUTPUT 2 | 2 | 
ouTpuT 3 [ 3 | 
OUTPUT 4 [4 { 
OurPuT 5 | 5 | 
ouTpuT 6 { 6 | 


OUTPUT 7 


113] POS. INPUT 
112] NEG. INPUT 


111] FEEDBACK 


| 9 | SYNC. PULSE A/C 


TOP VIEW 


ORDER NUMBERS 
NES5045N 


RATING 


10 
—25 
+5 


Oto VR 
Oto VR 
~20 to +75 
—65 to +150 


VOLTAGE 
REGULATOR 


NE5045D 


mas LSI pee 


SEVEN CHANNEL RC DECODER . Bee —NE5045 


DC ELECTRICAL CHARACTERISTICS Standard conditions: (Ta = 25°C, Voc = 5.0V unless otherwise stated), 
using Test Circuit #4 


Sarai tt cle —— ——_——- 
PARAMETER TEST CONDITIONS ae UNIT 
‘POWER SUPPLY REQUIREMENTS - | —_—~ 7 
V 
a | 
3.7 4.1 4.5 


Test circuit #1 
Excluding input bias current 


Power supply voltage range 
Power supply current. 


VOLTAGE REGULATOR 
Output voltage 


Vr Output current VR = 3.7V mA 
Line regulation Voc = 6V to 8V V/V 
Voltage drop Voc = 4V, inp = —10mA V 


_ INPUT AMPLIFIER 
input bias current 
Input voltage range 
Open loop gain 
Feedback current 
Detection threshold 
Ts Sync, pause time 
™ Minimum puise time 


| Test circuit #1, AVi2 & 13 
Rs Cg =z 6.0ms 
Rm Cm = 500us 


~ OUTPUTS-ALL CHANNELS 


VOL | isiINK = 1mA V 
VOH | SOURCE = 2mA 2.7 V 
Voi vs SINK CURRENT | MINIMUM PULSE TIME, SYNC. PAUSETIME, 


AND Von ve SOURCE CURRENT Ty v6 RM: Cu Tg v8 RaC, 


47 uF TP O47 UF 


Tims) ———2 


A ete 
aT 1 


10 20 30 40 50 60 70 80 90 100 100. 200 300 400 S00 600 


Ig (mA) ~—» 


REGULATOR VOLTAGE 
vs LOAD CURRENT 


Var (vatts) —~——2 
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TEST CIRCUIT 
Vec 


== Sm Rg 100K 


tak 
- Cy 


*CERAMIC 


SERIAL 
INPUT 


CHANNEL 1 
CHANNEL 2 
CHANNEL 3 
CHANNEL 4 
CHANNEL 5 
CHANNEL 6 


CHANNEL 7 


INTERNAL Ts =.85 CyRy— 
RESET | 


Figure 1. NE5045 Decoder Timing Diagram 
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LINEAR LS! PRODUCTS 


SEVEN CHANNEL RC DECODER 


A. CIRCUIT OPERATION 

~The NE5045 is a serial input, parallel out- 
put decoder containing all the active cir- 
Cuitry necessary to separate up to 7 chan- 
nels of information in a pulsewidth 


modulated system. An internal voitage - 


regulator provides excellent power Supply 
rejection for the decoder as well as a 
regulated output for a radio receiver if 
used. 


The high gain input amplifier, A1 (A, > 
60dB), allows either positive or negative 
pulses to be used and has input bias cur- 
rents less than 10nA. Signals as low as 
10mV p-p can easily be demodulated. The 
feedback current generator can be used to 
provide positive feedback thereby cre- 
ating hysteresis in the input switching 
levels. Hysteresis prevents false trigger- 
ing due to noise or IF amplifier distortion. 
If positive input pulses are used, the 
signal would be connected to the nonin- 
verting input, pin 13. In this case, the input 
threshold would be set by the voltage dif- 
ference between pin 12 and pin 13, 
established externally with a resistive 
divider network. Design of the divider will 
be covered in section B and C. Negative in- 
put signals would be coupled to pin 12, 
the inverting input. 


The amplified signal from A1 is gated by 
G1 and in turn sets the FF. Assume, for 
the time, that G2 is low. The combination 
of the FF and One Shot 1 produces a 
minimum pulse to clock the counter- 
decoder for each positive edge at pin 13 
which exceeds the voltage on pin 12. The 
width of this pulse is: T,,=R,,C,,. With 
this arrangement, the system will not re- 
spond to any pulse after the first edge and 
before the end of T,,. In effect the input is 
turned off for a period equal to T,, follow- 
ing the leading edge of each input pulse. 
The noise immunity of the decoder is thus 
enhanced by the ratio of T,, to the period 
between input pulses. Obviously T,, must 
be less than the shortest period between 
input pulses. 


The counter is clocked and One Shot 2 is 
reset (capacitor C, is discharged) each 
time the FF is set. When the FF is reset, 
C, begins to charge up through R,. The 
time constant T,=.85 R,C, is normally 
much larger than the time between input 
pulses so that the output of One Shot 2 re- 
mains low until the last pulse of a given 
frame is received. Figure 1 shows the tim- 
ing diagram for the decoder. After the last 
pulse in a frame (system synchronized) Q, 
will go low and G2 wil! go high. The input 
is now disabled by G1 until One Shot 2 
times out at which time G2 will go low. 
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This connection serves two purposes: 


(1) establishes synchronization in no 
more than one frame and . 


(2) prevents the counter-decoder from 
overflowing due to extra noise pulses ina 


given frame. Thus any noise pulses in a 


frame will only affect those channels after 
that pulse and only in that frame. 


If fewer than 7 channels of input are used 


then Q, is high after the last pulse and the 


~ counter-decoder is reset when One Shot 2. 


goes high. 


Each channel has a totem pole output 
stage capable of sourcing 2mA and sink- 
ing 1MA. 


The voltage regulator operates in two 
modes depending on the power supply 
voitage. If Voc is greater than 5V, the 
voltage regulator acts as a series pass 
regulator with a nominal output voltage of 
4.1V. When Voc is less than 5V, the 
regulator acts as a dynamic decoupler 
where the bypass capacitor on pin 14 fil- 
ters out line transients. The internal pass 
transistor acts like an emitter follower 
whose base is decoupled by the bypass 
capacitor. The value of capacitance will 
depend upon the degree of smoothing re- 
quired and the amplitude of the line tran- 
sients. If the regulator provides power for 
the radio receiver, this capacitor may have 
to be as large as 33uF. However if this is 
not done, 1pnF should be sufficient. 


B. DECODER DESIGN 
EQUATIONS 


The design of the decoder’s external cir- 
Cuitry is quite simple. The minimum pulse 
One Shot (#1) and the synchronization One 
Shot (#2) each have time periods given by: 


T, = .85 R.C, 


Figure 2. Input Amplifier Biasing NE5045 


-NE5O45 


respectively. The constraints on these 
time periods are: T,, < the minimum input 
pulse width or time between leading 
edges of the input and T, > maximum in- 
put pulse width but T, < the sync pause 
(time between last pulse in frame and first 
pulse of the following frame). 


The design of the input amplifier biasing 
network depends upon a number of fac- 
tors, including: 


. Pulse Polarity 

. Pulse Amplitude 

. Variations in Amplitude and Noise 

. Detection Threshold and Hysteresis 
Levels . 


& WN — 


For a very simple case, assume the input 
is a positive pulse train and the threshold 
of detection is desired to be 400mvV with- 
out hysteresis. Figure 2 shows the input 
amplifier along with the associated bias- 
ing circuits. The resistors R, and R, set 
the voltage on pin 12, which should be be- 
tween 2V to 5V. 


1 
Viae VR 4g R,/R> 


The threshold is set by the voltage drop 
across R,, that is, the decoder will not be 


~ triggered until the voltage on pin 13 ex- 


ceeds the voltage on pin 12. 


Vihreshoid = Vi2— V13 


1 
Vinrestoid = V2 fes-y 


if we assume Vp= 4.1V and let Vi. = 3V 
then 


CURRENT 
GENERATOR 


LINEAR LS! PRODUCTS 


SEVEN CHANNEL RC DECODER NE5045 


The threshold is then set to 400mV by RR, should be sufficiently large so as to not nections for a complete decoder. Note that 
setting load the input signal. if we let R, =51k then _ this circuit does not have provisions for noise 
R,/Ry=6.5 R, = 330k. Figure 3 shows the external con- __ filtering or rejection of amplitude variations. 


CHANNEL 1 Voc (3.6 - 8V) 


4.1V 
CHANNEL 2 RECEIVER POWER 


CHANNEL 3 BYPASS 


INPUT POSITIVE 


CHANNEL 4 PULSE 


CHANNEL 5 


CHANNEL 6 FEEDBACK 


CHANNEL 7 


GROUND 


Figure 3. NE5045 Decoder External Connections 


*For additional information, consult the Applications Section. 


7-13 


eae LSI PRODUCTS 


“SERVO AMPLIFIER 


NES44 


DESCRIPTION | 


The NE544 is a servo amplifier and pulse- 
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor- 
ates a linear one shot for improved position- 
al accuracy and outputs for external pnp 
motor drive transistors. 


FEATURES 


500mA load current capability 
Bidirectional bridge output with single 
power supply 

Low standby power drain 

Adjustable deadband and trigger thresh- 
olds 

High linearity, 0. 5% maximum error 
Output drive for external PNP transistors 
(optional) 

Wide supply voitage range 


APPLICATIONS 


Miniature position Servo 
Robotics 

Control devices 

Remote positioning 


ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified. 


PARAMETER RATING UNIT 


Supply voltage 

Output current 
Operating temperature 
Storage temperature 


ot 
-20 to +75 
-65 to +150 


OUTPUT ORIVE CIRCUIT 


Saaeas 
GATE 


LINEAR 
ONE SHOT 


VOLTAGE 
REGULATOR 
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DIRECTIONAL LOGIC 
INPUT 
PULSE STRETCHER 
GE 


SCHMITT 


TRIGGER 


PIN CONFIGURATIONS 
N PACKAGE 


TIMING CAPACITOR 14} POSITION FEEDBACK 


TIMING RESISTOR 113] ourpur (8) 


REGULATOR 


OUTPUT 12) PNP DRIVE (B) 


INPUT 


110} PNP DRIVE (A) 
PULSE STRETCHER | 6 | | 9 } outpur (A) 
Pa] TRAGER 
THRESHOLD 
TOP VIEW 


ORDER NUMBER 
NES44N 


DEADBAND 


LINEAR LSI PRODUCTS 


SERVO AMPLIFIER 


EQUIVALENT CIRCUIT SCHEMATIC 


SCHMITT 
TRIGGER 


PULSE STRETCHER 


TIMING 


J 
5 GND (SIGNAL) 


PARAMETER 


Supply voltage 
Supply current 


Input threshold 
On 
Off 

Input resistance 


Output voltage 

Low 

High 
Regulated voltage Pin 3 
Regulation Pin3 
Minimum dead band Pin 7 
One shot temperature coefficient 
Standby output voitage 
PNP drive current 


es 
VOLTAGE 7 
REGULATOR 


© 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = 4.8V unless otherwise specified. 


TEST CONDITIONS 


Quiescent 


Pin 9 or 13, Ip - 400mA 


3.9V < Voc < 6V 
Ros = 9 


Pin 9 and 13 
Pin 10 and 12 


GNO (POWER) 
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SERVO AMPLIFIER - NE544 


TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 


A’ 8 
OPTIONAL 
USE MPS 6562 
OR EQuiv 


LINEAR SCHMITT 
ONE SHOT DIRECTIONAL LOGIC ; TRIGGER 


VOLTAGE 
REGULATOR 
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SERVO AMPLIFIER NES44 


PC BOARD—N PACKAGE 


Veen, Sees Pee, Nee Eee eee Ree 


— ee cme ee ome ae om 


me ee ee 


GNOQM QO INPUT 


Typical PC Board Layout Parts Layout 
Bottom View Top View 
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SERVO AMPLIFIER _ wR NE544 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM DISSIPATION vs SUPPLY CURRENT vs | OUTPUT CURRENT vs 
AMBIENT TEMPERATURE SUPPLY VOLTAGE LOAD RESISTANCE 


Seema ae 
eres 


SUPPLY CURRENT (mA) 
OUTPUT CURRENT (mA) 


suey Orta vie RESISTIVE LOAD ( {1 } 


DEVICE DISSIPATION (W) 


50 100 150 200 
AMBIENT TEMP (°C) 


OUTPUT VOLTAGE vs INPUT PULSE WIDTH vs | 
LOAD CURRENT FEEDBACK POT OUTPUT INPUT PULSE vs SERVO TRAVEL 


oo 
Wa one 
Hf ie ee 


OUTPUT VOLTAGE [V} 
WIPER VOLTAGE PIN 14. Nv (V) 
| SERVO TRAVELE) , 


*For additional information, consult the Applications Section. 
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Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma- 
nent damage to the device and are not meant to Imply that 
devices can operate at these limits. 


Current Limiting 

The ability of the amplified segment to limit the output current 
of the device when safe operating limits are exceeded. Meas- 
ured in amperes (pre-determined). 


Efficiency 

Regarding a regulator, the ratio of the total power input to the 
usable power output. Expressed as a percentage. (For example, 
if a regulator has a 50 watt input and a 40 watt output, Its effi- 
clency is 80 percent). 


EMI/RFI 


(‘Electromagnetic Interference/Radio Frequency Interference”) 
regarding regulators, magnetic fleid disturbance and radio fre- 
quency Interference signals generated especially by SMPS 
devices. Measurement is generally unspecified. 


Line Regulation 


Sometimes referred to as ‘‘static regulation”. This term refers to 
the changes in the output as the Input Is varied slowly from its 
rated minimum vaiue to its rated maximum value (from 105 
VACpms to 125 VACaus). Measured in mv/V. 


Load Regulation 

Sometimes referred to as ‘dynamic regulation’. This term refers 
to the changes in the output when load conditions are suddenly 
changed (from no load to full load). Measured in mv/V. 

Package Type Designation 

See full package designations In Appendix. 


Power Dissipation 

The power that the device can safely handie at 25°C. The 
dissipation must be derated as indicated for the Individual 
package type. 


Power Dissipation 


The ability of the regulator to tolerate excessively high levels of 
input power while maintaining its operation within the safe 
operating area of its active devices. Measured in watts. 


Safe Operating Area Restriction (SOAR) 


Limits the output current of the amplifier to maintain safe (no 
thermal runaway) operating conditions. (Accomplished through 
internal sensor amplifiers.) 


VOLTAGE REGULATOR—SYMBOLS AND DEFINITIONS _ 


Ta 
Ambient temperature range. Range of the surrounding environ- 
ment of the operating device. 


Ty 
Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 


Tso. 

Soldering Temperature. The temperature which can be applied 
to the lead frame of the device for short periods of time (nor- 
mally specified for a duration of 10 sec). 


Tsta 
Storage temperature range. Temperature range that the device 
can be stored in a non-operating condition. 


Thermal Regulation 

Referred to as changes due to ambient variations of thermal 
drift. Also referred to as temperature coefficient, measured in 
ppm/°C or mv/°C. 


Thermal Shutdown 

The ability of the regulator to shut itself down when the maxi- 
mum die temperature is exceeded. Measured in degrees Celsius 
(C). 

Transient Response 

The ability of a regulator to respond to rapid changes in line 
variations, load variations, or intermittent transient Input condi- 


tions. (Transient Response is often referred to as ‘recovery 
time’). Measured In milliseconds (ms). 


Truth Tables 


0 is logic level low 

1 Is logic level high 

X — don-t care condition — has no effect under circuit condi- 
tions listed. 


Veco (- Vee) 

Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

Voltage Limiting 


The ability of the regulator to ‘‘shut down” in the event that the 
internal reference sources fail to function properly. Measured in 
Volts. 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUI 


DESCRIPTION 


The SE/NE5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip incorporates all the control and 
housekeeping (protection) functions required 
in switched mode power supplies, including an 
internal temperature compensated reference 
source, internal Zener references, sawtooth 
generator, pulse width modulator, output stage 
and various protection circuits. 


ABSOLUTE MAXIMUM RATINGS 


Supply ' 
Voltage forced mode 
Current fed mode 

Output transistor (at 20-30V max) 
Output current 


Collector voltage (Pin 15) 
Max. emitter voltage (Pin 14) 
Operating temperature (ambient) 
SE5560 
NE5560 
Storage temperature range 


BLOCK DIAGRAM 


FEEG 
FORWARD 


16 


FEEDBACK 
VOLTAGE 


GAIN ADJUST 
MODULATOR 


INPUT 


DUTY CYCLE 
CONTROL 


CURRENT 11 
LIMITING 


Note: 


SAWTOOTH 
GENERATOR 


FEATURES 


* Stabilized power supply 

* Temperature compensated reference 
source 

* Sawtooth generator 

* Pulse width modulator 

* Remote on/off switching 

* Current limiting 

* Low supply voltage protection 

* Loop fault protection 

* Demagnetization/overvoitage 
protection 

* Maximum duty cycle clamp 

* Feed forward control 

* External synchronization 


+18 
30 


40 
Voc +1.4V 
+5 


-—55 to +125 
0 to 70 
—65 to +150 


EXTERNAL | 


Rr Cy SYNC INPUT 


PULSE WIOTH 
MODULATOR 


10 


REMOTE 
ON. OFF 


1. See Voltage/Current fed supply characteristic curve. 
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PIN CONFIGURATION 
D,F,N PACKAGE 


116] FEEOFORWARD 
OUTPUT (COLL) 


OUTPUT (EMIT) 


3] DEMAGNETIZATION/ 
OVERVOLTAGE 


REMOTE ON/OFF 


EXTERNAL 
SYNC 


TOP VIEW 
ORDER NUMBERS 
NESS60N SE5560F 
‘NE5560D SE5560N 
NESS60F 


DEMAGNETIZATION 
OVER-VOLTAGE PROTECTION 


13 


OUTPUTS 


STABILIZED 2 vz 
SUPPLY 
1 


12 


Vec ~ 


LINEAR LS! PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 


DC ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12V unless otherwise specified) 


____sesseo | NESS6O 
PARAMETER TEST CONDITIONS UNIT 
paramere | Min | Typ | Max | Min | Typ | Max | 


Reference Sections 
Internal reference voltage (V,o¢) 


25°C 
Over temperature 


3.69 
3.65 


Temperature coefficient of Ve; 
Internal Zener reference (Vz) 
Temperature coefficient of Vz 


Oscillator Section 


IL= -7 mA 


Frequency range Over temperature 
Initial accuracy oscillator R=5 kQ 
Duty cycle range f. = 20 kHz 


Housekeeping Function 
at 2V 


Pin 6, input current Over temperature pA 
Pin 6, duty cycle limit control (for 50% maximum duty % of duty 
cycle) 15 kHz to 50 kHz/ cycle 


41% of Vz 


Pin 1, low supply voltage protection V 
thresholds 

Pin 3, feedback loop protection trip 
threshold 

at 2V 

Pin 3, pull up current Over temperature 

Pin 13, demagnetization/over voltage 
protection trip on threshold 

at 0.25V 
25°C 

Over temperature 
Voltage at Pin 16 = 2Vz 


Pin 13, input current 


Pin 16, feed forward duty cycle control % Original 


duty cycle 


at 16V, Voc = 18V 
25°C 
Over temperature 


“Pin 16, feed forward input current uA 


External Synchronization 
Pin 9 off 

on 

sink current 


Voltage at Pin 9=O0V, 25°C 
Over temperature 


Remote 
Pin 10 off 
on 


at OV 
25°C 
_Over temperature 


sink current 


‘Current Limiting 
Pin 11, In 


Voltage at Pin 11 = 250 mV, 
25°C 
Over temperature 
Inhibit delay time for 20% 
overdrive at 40 mA lout 


Single pulse inhibit delay 0.8 


0.700 


0.560 
480 | 0.500 | 0.400 | 
6.2 
54 
10k 10k 


Trip Levels: Shut down, slow start 
Current limit 


Error Amplifler 
Output voltage swing (Voy) 
Output voltage swing (Vo,) 
Open loop gain 
Feedback resistor 
Small signal bandwidth 
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‘CIRCUIT =—sSEINES560 


SWITCHED-MODE POWER SUPPLY CONTRO 


DC ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 4 TEST CONDITIONS 


Output Stage 
Vog(SAT) Ic = 40mA 
Output current (pin 15) 
Max emitter voltage (pin 14) 


Supply Voltage/Current 


loc lz = 0, voltage forced, 


Voc = 12V, 25°C 
Over temp. 
loc = 10mA 
current fed 
lec = 30MA 
current fed 


Note: 
Does not include current for timing resistors or capacitors. (See p. - “total standby current”) 


TYPICAL PERFORMANCE CHARACTERISTICS MAXIMUM PIN VOLTAGES 3 
NES560 


FUNCTION MAXIMUM VOLTAGE 


ERROR AMPLIFIER 
OPEN LOOP GAIN 


1. Voc See Note 1 
60 2. Vz Do not force (8.4V) 
3. Feedback 
ae 4.Gain 
5. Modulator 
ry ~ 6. Duty Cycle Control 
= ie 
000 
So 20 \ lj 9. External Sync 


. Remote On/Off 


CETTE TT TIN 
| NI 


10 . Current Limiting 
. GND 
LUM CT ET "Domagnetzation/Overotage 
1K 10K 106K 1M 10M . Output (Emit) zZ 
|} 15. Output (Collector) Voc + 2Vbe 
FREQUENCY (H2) . Feed forward Voc 


OPEN LOOP PHASE 


i UL 
SN TTT 
SINT TTT 
a a RN 
a 
il 


1. When voltage forced, maximum is 18V; when current fed, maximum 


is 30mA. See voltage/current fed supply characteristic curve. 


—30 


~60 


-90 


PHASE ANGLE (DEG) 


~150 


CAIN 
UM ATU CNT 


180 ! 
1K 10K 100K 1M 10M 


FREQUENCY (Hz) 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 


TYPICAL PERFORMANCE CHARACTERISTICS (continued) 
GRAPH FOR DETERMINING 6 MAX 


SOFT-START MIN DUTY CYCLE vs Ry + Ro 


G9 (%e) 


Be a 
a ed Ee 
eee ; 


MAXIMUM DUTY CYCLE % 


o Of 02 03 04 O05 OF O07 08 O89 1 


POWER DERATING CURVE NES560 VOLTAGE/CURRENT FED CURRENT FED DROPPING RESISTOR 
SUPPLY CHARACTERISTICS 


vs 


Ryce 


Pd MAX (W) 


1 | Yee 


_Ys-Vec_ 
‘eal “ee (0 is ae 


12 SEE DC ELECTRICAL 


-60°C 25°C FOC 125°C 


Th CHARACTERISTICS 
OPERATING CURVE V oa FOR CURRENT FED 
Veg RANGE. 
Pd = Vcc ice + (Voc — VzNz 
+ (V45—Vy4)l45 X DUTY CYCLE} 
REGULATION vs ERROR TRANSFER CURVE OF PULSE WIDTH 
AMP CLOSED LOOP GAIN MODULATOR DUTY CYCLE vs INPUT VOLTAGE 


AVO/V, ,,(%) 


NU 
tN 


\. 
{LOAN TE TA 
| UTNE TTL 


ik 


V4.5.6(V) 


1 2 3 4 5 6 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS (continued) 


TYPICAL FREQUENCY PLOT vs Rr AND Cr 


THEORY OF OPERATION 


The following functions are incorporated: 

— A temperature compensated reference 
source. 

— An error amplifier with pin 3 as input. 
The output is connected to pin 4 so that 
the gain is adjustable with external 
resistors. 

— A sawtooth generator with a TTL-com- 
patible synchronization input (pins 7, 8,9). 

— A pulse-width modulator with a duty- 
cycle range from 0 to 95%. 


(The PWM has two additional inputs: 


Pin 6 can be used for a precise setting of 
d max. 


Pin 5 gives a direct access to the modu- 
lator, allowing for real constant current 
operation:) 
— A gate at the output of the PWM pro- 
vides a simple dynamic current limit. 
~— A latch that is set by the flyback of the 
sawtooth and reset by the output pulse 
of the above-mentioned gate prohibits 
double pulsing. 

— Another latch functions as a start-stop 
circuit; it provides a fast switch-off and 
a slow Start. 

— A current protection circuit that oper- 
ates via the start-stop circuit. This is a 
combined function with the current 
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SE/NE5560_ 


DUTY CYCLE SENSITIVITY TO FEED 


FORWARD VOLTAGE (PIN 16) 


Aad 
a 
3) 
> 
(Ss) 
> 
- 
3 


limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle- 
by-cycle current limiting, the upper one 
for current protection by means of 
switch-off and siow-start. 

A TTL-compatible remote on/off input 
at pin 10, also operating via the start- 
stop circuit. 

An inhibit input at pin 13. The output 
pulse can be inhibited immediately. 
An output gate that is commanded by 
the latches and the inhibit circuit. 

An output transistor of which both the 
collector (pin 15) and the emitter (pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 

A power supply that can be either volit- 
age or current driven (pins 1 and 12). 
The internally generated stabilized out- 
put voltage Vz is connected to pin 2. 

A special function is the so-called feed- 
forward at pin 16. The amplitude of the 
sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional to the voitage on 
this pin: 6 ~ 1/V16 

Loop fault protection circuits assure 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 


Stabilized Power Supply 
(Pins 1, 2, 12) 


The power supply of the NE5560 is of the 
well known series regulation type and pro- 
vides a stablized output voltage of typical- 
ly 8.5 volts. 


This voltage Vz is also present at pin 2 and 
can be used for precise setting of 6 max. 
and to supply external circuitry. Its maxi- 
mum current capability is 5mA. 


The circuit can be fed directly from a DC 
voltage source between 10.5V and 18V or 
can be current driven via a limiting resistor. 
In the latter case, internal pinch-off resis- 
tors will limit the maximum supply voltage; 
typical 23V for 10mA and maximum 30V for 
30mA. 


The low supply voltage protection is active 
when V(1-12) is below 10.5V and inhibits 
the output pulse (no hysteresis). 


When the supply voltage surpasses the 
10.5V level, the IC starts delivering output 
pulses via the slow-start function. 


The current consumption at 12V is less 
than 10mA, provided that no current is 
drawn from Vz and R(7-12) > 20kQ. 


LINEAR LSI PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


SE/NE5560 


The Sawtooth Generator 


Figure 2 shows the principal circuitry of 
the oscillator. A resistor between pin 7 and 
pin 12 (ground) determines the constant 
current that charges the timing capacitor 
C(8-12). 


This Causes a linear increasing voltage on 
pin 8 until the upper level of 5.6V is reach- 
ed. Comparator H sets the RS flip flop and 
Q1 discharges C(8-12) down to 1.1V, where 
comparator L resets the flip-flop. During 
this flyback time, Q2 inhibits the output: 


Synchronization at a frequency lower than 
the free-running frequency is accomplish- 
ed via the TTL gate on pin 9. By activating 
this gate (V9< 2V), the setting of the saw- 
toothis prevented. This is indicated in 
Figure 3. 


Figure 4 shows atypical plot of the oscilla- 
tor frequency against the timing capacitor. 
The frequency range of the NE5560 goes 
from <50Hz up to >100kHz. 


Reference Voltage Source 


The internal reference voltage source is 
based on the bandgap voltage of silicon. 
Good design practice assures a tempera- 
ture dependency typically + 100ppm/°C. 
The reference voitage is connected to the 
positive Input of the error amplifier and 
has a typical value of 3.72V. 


Error Amp Compensation 


For closed loop gains less than 40 dB, itis 
necessary to add a simple compensation 
capacitor as shown in Figures 4, 5. 


ERROR AMPLIFIER COMPENSATION 


OPEN LOOP GAIN 


20 dB/DECADE 


1 kHz 10 kHz 1 MHz 


Figure 4 


SAWTOOTH GENERATOR 


to PWM 


TO OUTPUT LATCH 


Figure 2 


SAWTOOTH OSCILLATOR SYNCHRONIZATION 


1.1V RESET 


——y INHIBIT bg —— 


‘SET’ 


>av 


V9 


<0.6V 


Figure 3 


ERROR AMPLIFIER 


START /STOP 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NESS6O 


Error Amplifier with Loop-Fault DUTY CYCLE —é—% REGULATION 
Protection Circuits 


AVO/V,.,(%) 


This operational amplifier is of a generally 
used concept and has an open loop gain of 
typically 60dB. As can be seen in Figure 5, 
the inverting input is connected to pin 3 for 
a feedback information proportional to Vo. 


The output goes to the PWM circuit, but is 
also connected to pin 4, so that the re- 
quired gain can be set with Rs and R(3-4). 
This is indicated in Figure 5, showing the 
relative change of the feedback voltage as 
a function of the duty cycle. Additionally, 
pin 4 can be used for phase shift networks 
that improve the loop stability. 


When the SMPS feedback loop is interrupt- 
ed, the error amplifier would settle in the PULSE WIDTH MODULATION 
middle of its active region because of the 

feedback via R(3-4). This would result ina . *  $.72V 

large duty cycle. A current source on pin 3 : 
prevents this by pushing the input voltage | Atal 
high via the voltage drop over R(3-4). As a 

result, the duty cycle will become zero, pro- 
vided that R(3-4)>100k. When the feedback 
loop is shortcircuited, the duty cycle would 
jump to the adjusted maximum duty cycle. 
Therefore, an additional comparator is ac- 
tive for feedback voltages at pin 3 below 
0.6V. Now an internal resistor of typically 
1k is shunted to the impedance on the én, 
setting pin 6. Depending on this imped- 
ance, 6 will be reduced to a value 6éo. This 
will be discussed further. 


20 30 40 #50 60 70 80 90 


TRANSFER CURVE OF PULSE WIDTH 
MODULATOR DUTY CYCLE vs INPUT VOLTAGE 


)_ ouTY 
CYCLE 
8 conTAoL 


MAXIMUM DUTY CYCLE % 


Va, 5, 6(V) 


Figure 7 Figure 8 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


SE/NE5560 


The Pulse-Width Modulator 


The function of the PWM circuit is to trans- 
late a feedback voltage into a periodical 
pulse of which the duty cycle depends on 
that feedback voltage. As can be seen in 
Figure 6, the PWM circuit in the NE5560 is 
a long-tailed pair in which the sawtooth on 
pin 8 is compared with the LOWEST volt- 
age on either pin 4 (error amplifier), pin 5, 
or pin 6 dma, and siow-start). The transfer 
graph is given in Figure 7. The output of the 
PWM causes the resetting of the output 
bistable. 


Limitation of the Maximum 
Duty Cycle 


With pins 5 and 6 not connected and witha 
rather low feedback voitage on pin 3, the 
NE5560 will deliver output pulses with a 
duty cycle of =95%. In many SMPS appli- 
cations, however, this high 6 will cause 
problems. Especially in forward convert- 
ers, where the transformer will saturate 
when 6 exceeds 50%, a limitation of the 
maximum duty-cycle is a must. 


A DC voltage applied to pin 6 (PWM input) 
will set dma, at a value in accordance with 
Figure 7. For low tolerances of dmax, this 
voltage on pin 6 should be set with a 
resistor divider from Vz (pin 2). The upper 
and lower sawtooth levels are also set by 
means of an internal resistor divider from 
Vz, so forming a bridge configuration with 
the dma setting is low because tolerances 
in Vz are compensated and the sawtooth 
levels are determined by internal resistor 
matching rather than by absolute resistor 
tolerance. Figure 8 can be used for deter- 
mining the tap on the bleeder for a certain 
dmax setting. 


As already mentioned, Figure 9 gives a 

graphical representation of this. The value 

do is limited to the lower and the higher 
side; 

* It must be large enough to ensure that at 
maximum load and minimum input vol- 
tage the resulting feedback voltage cn 
pin 3 exceeds 0.6V. 

*it must be small enough to limit the 
amount of energy in the SMPS when a 
loop-fault occurs. In practice a value of 
10-15% will be a good compromise. 


Extra PWM Input (Pin 5) 


The PWM has an additional inverting in- 
put: pin 5. It allows for attacking the duty 
cycle via the PWM circuit, independently 
from the feedback and the dma, informa- 
tion. This is necessary when the SMPS 
must have a real constant current behav- 
ior, possibly with a fold-back characteris- 


SOFT-START MIN DUTY CYCLE vs Ry +R 


5 o(%) 


ee 1 ee 
He SS 
Dm Bass OW 3 oe 


eS 
oe 
= 


5 6 7 89104 


Figure 9 


CURRENT PROTECTION INPUT 


0.6V 


START 
STOP 


Figure 10 


tic. However, the realization of this feature must 
be done with additional external components. 
When not used, pin 5 should be tied to pin 6. 


Vout 


Dynamic Current Limit and 
Current Protection (Pin 11) 


In many applications, it is not necessary to 
have a real constant current output of the 
SMPS. 


Protection of the power transistor will be the 
prime goal. This can be realized with the 
NE5560 in an economical way. A resistor (or a 
current transformer) in the emitter of the power 
transistor gives a replica of the collector cur- 
rent. This signal must be connected to pin 11. 
As can be seen in Figure 10, this input has two 
comparators with different reference levels. 
The output of the comparator with the lower 
0.48V reference is connected to the same gate 
as the output of the PWM. 


R1+R2 


RESET 
OF OUTPUT 
BISTABLE 


OUTPUT CHARACTERISTIC 


CYCLE-BY-CYCLE 
LIMITING 


i i 
LEVEL 1 Sevens 


Figure 11 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT | -SE/NE5560 


When activated, it will immediately reset the 
output flip flop, so reducing the duty cycle. The 
effectiveness of this cycle-by-cycle current limit 
diminishes at low duty cycle values. When 6 
becomes very small, the storage time of the 
power transistor becomes dominant. The cur- 
rent will now increase again, until it surpasses 
the reference of the second comparator. The 


START/STOP CIRCUIT 


output of this comparator activates the start/ se 

stop circuit and causes an immediate inhibit of a 

the output pulses. After a certain dead-time, naar s 

the circuit starts again with very narrow output 

pulses. The effect of this two-level current pro- 

tection circuit is visualized in Figure 11. SET. Low suppLy 


& PROTECTION 


The Start/Stop Circuit 


The function of this protection circuit is to 
stop the output pulses as soon as a fault 
occurs and to keep the output stopped for 
several periods. After this dead time, the 
output starts with a very small, gradually 
increasing duty cycle. When the fault is 
persistent, this will cause a cyclic switch- 
off/switch-on condition. This “hiccup” 
mode limits effectively the energy during 
fault conditions. The realization and the 
working of the circuit is indicated in the 
Figures 12 and 13. The dead-time and the 
soft-start are determined by an external 
capacitor that is connected to pin 6 (dma, 
setting). 
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VOLTAGE 
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Figure 12 


ARS flip flop can be set by three different START/STOP CIRCUIT 

functions: 

1. Remote on/off on pin 10. 

2. Overcurrent protection on pin 11. 

3. Low supply voltage protection (internal). 
5 


A UT cen 


As soon as one of these functions cause a / / / | / I I 
setting of the flip flop, the output pulses Ve 

are blocked via the output gate. In the | JV VV / / 
same time transistor Q1 is forward-biased, ' 
resulting in a discharge of the capacitoron DISCHARGE ™ CHARGE .__ __ ss .6V 
pin 6. 


TUT VY 


The discharging current is limited by an in- 
ternal 1502 resistor in the emitter of Q1. 
The voltage at pin 6 decreases to below the 
lower level of the sawtooth. When V6 has 
dropped to 0.6V, this will activate a com- 
parator and the flip flop is reset. The out- 
put stage js no longer blocked and Q1 is 
cut-off. Now Vz will charge the capacitor 
via R1 to the normal dma, voltage. The out- 
put starts delivering very narrow pulses as 
soon as V6 exceeds the lower sawtooth 
level. The duty-cycle of the output pulse 
now gradually increases to a value deter- 
mined by the feedback on pin 3, or by the 


Figure 13 
Static dma, Setting on pin 6. igu 
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LINEAR LSI PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NES560 


Remote On/Off Circuit (Pin 10) 


In systems where two or more power sup- 
plies are used, it is often necessary to 
switch these supplies on and off in a se- 
quential way. Furthermore, there are many 
applications in which a supply must be 
switched by a logical signal. This can be 
done via the TTL-compatible remote on/off 
input on pin 10. The output pulse is in- 
hibited for ievels below 0.8V. The output of 
the IC is no longer blocked when the re- 
mote on/off input is left floating or when a 
voltage >2V is applied. Start up occurs via 
the slow-start circuit. 


The Output Stage 


The output stage of the NE5560 contains a 
flip flop, a push-pull driven output transis- 
tor, and a gate, as indicated in Figure 14. 
The flip flop is set by the flyback of the 
sawtooth. Resetting occurs by a signal 
either from the PWM or the current limit 
circuit. With this configuration, it is as- 
sured that the output is switched only 
once per period, thus prohibiting double 
pulsing. The collector and emitter of the 
output transistor are connected to respec- 
tively pin 15 and pin 14, allowing for normal 
or inverted output pulses. An internally 
grounded emitter would cause untolerable 
voltage spikes over the bonding wire, 
especially at high output currents. 


This current capability of the output tran- 
sistor is 40mA peak for Vog = 0.4V. An in- 
ternal clamping diode to the supply volt- 
age protects the collector against over- 
voltages. The maximum voltage at the emit- 
ter (pin 14) must not exceed +5V. A gate, 
activated by one of the set or reset pulses, 
or by a command from the start-stop Cir- 
cuit will immediately switch-off the output 
transistor by short-circuiting its base. The 
external inhibitor (pin 13) operates also via 
this base. 


Demagnetization Sense 


As indicated in Figure 14, the output of this 
NPN comparator will block the output 
pulse, when a voltage above 0.6V is applied 
to pin 13. A specific application for this 
function is to prevent saturation of forward 
converter transformers. This is indicated 
in Figure 15. 


Feed-Forward (Pin 16) 
The basic formula fora forward converter is 


dV; 
Vout = —;—{n = transformer ratio) 


OUTPUT STAGE 


Vz 


FLYBACK 


FROM START:‘STOP 
NOTE: 
The signal V3 can be derived from the demagnetizing winding ina forward converter 
as shown below. 


qH ——> 


Figure 14 


OUTPUT STAGE INHIBIT 


Figure 15 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5560 


This means that in order to keep Voyr at a 
constant value, the duty cycle d must be 
made inversely proportional to the input 
voltage. A preregulation ‘feed-forward) 
with the function d~1/Vj, can ease the 
feedback-loop design. 


This loop now only has to regulate for load 
variations, which require only a low feed- 
back gain in the normal operation area. The 
transformer of a forward converter must be 
designed in such a way that it does not 
saturate, even under transient conditions, 
where the maximum inductance is deter- 
mined by dmax xX Vin max. A regulation 
Of dmax™ 1/Vin will allow foraconsiderable 
reduction or simplification of the 
transformer. The function of d~1/Viy can 
be realized by using pin 16 of the NE5560. 


Figure 16 shows the electrical realization. 
When the voltage at pin 16 exceeds the 
stabilized voltage Vz (pin 2), it will increase 
the charging current for the timing 
Capacitor on pin 8. 


The operating frequency is not affected, 
because the upper trip level for sawtooth 
increases also. Note that the dma, voltage 
on pin 6 remains constant because it is set 
via Vz. Figure 17 visualizes the effect on 
dmax and the normal operating duty cycle 
6. For Vig=2x Vz these duty cycles have 
halved. The graph for 5= f(Vi¢) is given in 
Figure 18. (Note: Vig must be less than 
Pin 1 voltage.) 


APPLICATIONS 
NE/SE5560 Push-Puli Regulator 


This application describes the use of the 
Signetics NE/SE5560 adapted to function as a 
push-pull switched mode regulator, as shown 
in Figures 19 and 20. 


Input voltage range is + 12 to + 18V fora 
nominal output of +30 and —30V at a 
maximum load current of 1A with an aver- 
age efficiency of 81%. 


Features include feed forward input com- 
pensation, cycle-to-cycle drive current 
protection and other voltage sensing, line 
(to positive output) regulation <1% for an 
input range of +13 to +18V and load 
regulation to positive output of <3% for 
Al,(+) of 0.1 to 1 Amp. 


The main pulse width modulator operates 
to 48 kHz with power switching at 24 kHz. 
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FEEDFORWARD INPUT 


EXTERNAL 6 MAXIMUM CONTROL 
16 | DO NOT EXCEED Voc 


[ie ee Ce eeaiioeadiinediiies dees 


Figure 16 
FEED FORWARD CIRCUITRY 


heen 


| WORKING 


6 LEVEL 


DUTY CYCLE 


Figure 17 
FEED-FORWARD REGULATION 


Figure 18 


LINEAR LSI PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


SE/NE5560 


NE/SE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 


+14 


1 16 
‘FEED FORWARD) 


ness6o | 
14 
13 10 
1K 
REMOTE ON OFF 
4 : 
001 
1 ae 
+ 330 = 
= Le 
SENSE 33Vv 
c 1K 
m ING 14 
*Vout 


IN389 


2N4923 


TIPISA 


IN3891 


1 


2N2222 


2N2222 


TO(A 
OVERVOLTAGE SENSE 


ann) + 


COMMON 


+14 
IN3891 


2N4923 


TIPISA 


ow 
inag3a £\ 


i 


IN4934 


T,, Primary =130T (C.T.) #26 
Secondary = 18T (C.T.) #22 
Core =Ferroxcube 3622 


T2 


70 19 
3C8 material °°® comtuon 
Cc T =50T #26 on CURRENT SENSING 
ershin, NETWORK 
Ferroxcube 2616 core (3C8) 
F2D bobbin 
Tg, Primary = 16T (C.T.) #18 Secondaries (each) 52T (C.T.) #22, 
Core =Ferroxcube 4229 3C8 material 
Ly, Lo 120T #20 on single gapped EC35 Ferroxcube core. 3C8 material 
Figure 19 


NOTE 
Power ground and signal ground must be kept separated. 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SEINE5S560 


NE/SE5560 7USH-PULL SWITCH MODE REGULATED SUPPLY 
WITH TTL DRIVE CONVERSION LOGIC 


+14 


15022 > 150%) 


SAWTOOTH GEN. 


©) R39 8.2K 2702 
© 
OUT 
wot 1K 4 6K 
pC 27012 
1K O 
10, + Ro 2 18K 
ale 
7 ” 12 
° ON/OFF 
001 v ’ 
ea | 6.2K = ele 
ae 33012 T 
SENSE 33V 
COMMON v, 1K 


TO (A) 
OVERVOLTAGE SENSE 


1:3.25 1N3891 


TIP35A 


TO 
SENSE 
COMMON 


COM.| +14 


2N4923 


5Ww COMMON 
To®) TO 
NOTE Eenaen T4, Primary = 130T (C.T.) #26 
Power ground and signal ground must be kept separated. CURRENT SENSING Secondary = 18T (C.T.) #22 
Core = Ferroxcube 3622 
NETWORK 
3C8 material 
C.T, = SOT #26 on 
Ferroxcube 2616 core (3C8) 
F2D bobbin 
To, Primary = 16T (CT.) #18 Secondaries (each) 52T (C.T.) #22, 
Core = Ferroxcube 4229 3C8 material 
L1, Lo = 120T #20 on single gapped EC3§ Ferroxcube core. 3C8 material. 
Figure 20 
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DESCRIPTION 


The NE5561/SE5561 is a control circuit for use 
in switched mode power supplies. It contains 
an internal temperature compensated supply, 
PWM, sawtooth oscillator, over-current sense 
latch, and output stage. The device is intended 
for low cost SMPS applications where exten- 
sive housekeeping functions are not required. 


ABSOLUTE MAXIMUM RATINGS 


badd cbs 


FEATURES 


¢ Micro-minlature (D) package 

e Pulse-width modulator 

° Current limiting (cycle by cycle) 
¢ Sawtooth generator 

* Stabilized power supply 

¢ Double pulse protection 


¢ Internal temperature compensated 
reference 


APPLICATIONS 


¢ Switched mode power supplies 
e D/C motor controller inverter 
¢ DC/DC converter 


PIN CONFIGURATION 


D, FE, N PACKAGES 


Veo [1 
Vz [2 | 


FEED 
pack 13] 


8 | @ND 


OUTPUT 


CURRENT 
8 SENSE 


GAIN | 4 | 1s | Rr, Cr 


TOP VIEW 


ORDER NUMBERS 
NES5561D, NESS61FE, NESS61N, 
SES5561FE, SE5561N 


PARAMETER RATING UNIT 


Supply’ 
Voltage forced mode 
Current fed mode 

Output transistor (at 20-30V max) 
Output current 


Output voltage 

Output duty cycle 

Max. total power dissipation 
Operating temperature range 

SE5561 

NE5561 


30 


40 
Vec + 1.4V 
98 
0.75 


-— 55 to +125 
0 to 70 


NOTE 1: See Voltage/Current fed supply characteristic curve. 


BLOCK DIAGRAM 


REF 
VOLTAGE 


ERROR 
AMP 


FEED BACK © ah. 
GAIN O 


0.5V 


CURRENT 


4 
1 8 
6 C) © 
SENSE © Vec ene 


Rr, Cr 
C) 
5 
SAWTOOTH Vec 
GENERATOR O 
/\ 
/\ 
7 
S O OUTPUT 
LATCH 
| HR 
OO) 
C) SEER 
STABILIZED | 8.2V_. ‘ 
SUPPLY g~ “2 
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SWITCHED- MODE POWER SUPPLY CONTROL CIRCUIT : | SE/NE5564 


DC ELECTRICAL CHARACTERISTICS Voc" = 12V, T, = 25°C unless otherwise specified. 


ba | Typ | Max | Min | ee] : 


REFERENCE SECTION _ | 
rao oe oe 

_Over temp, _ [365 [| see] ass {| | 398 |v | 
Tgmeeee [ee eee be to 
ae a Ve! re [e100] oem 
Se oe te Te 
OSCILLATOR SECTION | 
[Frieneyrrge Oromo Po 


A ae an Sea DN SB a % 


CURRENT LIMITING (lin) 


SYMBOL. AND PARAMETER | TEST CONDITIONS 


Inhibit daly time for 
| 20% overdrive at 


Current limit trip level 

| ERROR AMPLIFIER | 

| Open loo} loop gain 
“Feedback resistor _ 

“Smail signal bandwidth 


Output voltage swing (Vox) | 
Output voltage swing (Vou) 
OUTPUT STAGE 

Output current | ; 


— a 


egy eee 


| LOW SUPPLY PROTECTION _ 


SUPPLY nema 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


ERROR AMPLIFIER 


OPEN LOOP GAIN 


Tm 
bh 30 
TE EGE PSH 


GAIN (dB) 


Oo 
WwW 
S 
Ww 
ad 
 -90 
< 
w 
n 
< 
<= 
a 


0 wall 
1K 10K 100K 1M 10M U ML 


FREQUENCY (Hz) 


OPEN LOOP PHASE 


ST 
Hi . . 


FREQUENCY (Hz) 


i 


TRANSFER CURVE OF 
PULSE-WIDTH MODULATOR 
DUTY CYCLE VS INPUT 
VOLTAGE 


1M 10M 


TYPICAL FREQUENCY PLOT 


POWER DERATING CURVE VS Ry AND Cy 
a 1.25 1000 paso ooo 
E oy 28" See 
E 1.00 | Provec lec + oo = Vall =======-=* 
See 9 CORE St Be Toxo 2 
< 0.75 a 20 
q z jo ee EL Rr NESS61 
& 0.50 po hie 4 
¢ _sacenn asc ma aa : 
z Pg) PSs CH GO CR sO WN Cr 
3 0.25 4 Eee ees eee oe 
S , oe lee ted elle is 
7 2 100 125 150 225 3 35 4 45 

AMBIENT TEMPERATURE (°C) C(nF) 
MAXIMUM DUTY CYCLE VS 
BASE VOLTAGE ON Q1 START-UP CIRCUIT SLOW START VOLTAGE 


100 
Fe i 
6 MAX %o 
ye Sal DS 
SERRE ARE & 
© Bees 
lela 
0 ok 
eg 
Foe 
ea a a 
fe 4ne eee 


MAXIMUM DUTY CYCLE (%) 
3 


6 max is a function of f 


R2 
R1i+R2 


Vz + VBE ar] 


SE/NES5641 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) | 


NE5561 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 


NE5561 Start-Up 


The start-up, or initial turn on, of this 
device requires some degree of external 
protective duty cycle limiting to prevent 
the duty cycle from initially going to the 
extreme maximum (6 > 90%). Either over- 
current limit or slow start circuitry must be 
employed to limit duty cycle to a safe value 
during start-up. Both may be used if desired. 


To implement slow-start, the start-up cir- 
cuit can be used. The divider R1 and R2 
sets a voltage, buffered by Q1, such that 
the output of the error amplifier is 
clamped to a maximum output voitage, 
thereby limiting the maximum duty cycle. 
The addition of capacitor C will cause this 
voltage to ramp up slowly when power is 
applied, causing the duty cycle to ramp up 
‘simultaneously. 
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vs 


Over-current limit may be used also. To 
limit duty cycle in this mode, the switch 
current is monitored at pin6 and the output 
of the 5561 is disabled on a cycle by cycle 
basis when current reaches the programmed 
limit. With current limit control of slow-start, 
the duty cycle is limited to that value just 
allowing maximum switch current to flow. 
(Approximately 0.50V measured at pin 6.) 


APPLICATIONS 


5V, 0.5A Buck Regulator Operates 
from 15V 


The converter design shows how simple it 
is to derive a TTL supply from a system 
supply of 15V (see Figure 1). The NE5561 
drives a 2N4920 PNP transistor directly to 
provide switching current to the inductor. 


— SE/NE5564 


CURRENT FED DROPPING RESISTOR | 


Vs - Voc 


Avec = (10 to 20 mA) 


SEE DC ELECTRICAL 
CHARACTERISTICS 
FOR CURRENT FED 
Vog RANGE. 


Overall line regulation is excellent and 
covers a range of 12V to 18V with minimal 
change (< 10 mV) in the output operating at 
full load. 


As with all NE5561 circuits, the auxiliary 
slow start and Ob max circuit is required, as 
evidenced by Q1. The Omax limit may be 
calculated by using the relationship 
(Figure 5a, b). 


R2 
R1+ R2 


(8.2V) = Vd (max): 


The maximum duty cycle is then deter- 
mined from the pulse-width modulator 
transfer graph, and Ri, R2 are defined 
from the desired conditions. 


LINEAR LS| PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 


Preliminary 


DESCRIPTION FEATURES PIN CONFIGURATION 


The SE/NE5562 is a single output control cir- Stabilized power supply 
cuit for Switched Mode Power Supplies. This °¢ Temperature compensated reference 


single monolithic IC contains all control and source D, F, N PACKAGE 


protection features needed for full featured © Sawtooth generator 
Switched Mode Power Supplies. e Pulse width modulator 
e Remote on/off switching 
e¢ Current limiting (2 levels) pea CNETE 
e Low supply voltage, with adjustable cp ae 
hysteresis INPUT 
e Loop fault protection MOD IN 
oe DUTY CYCLE 
e Demagnetization/over voltage protection CONTROL 
e Duty cycle adjust and clamp REMOTE OUTPUT INVERT 
¢ Feed forward control were mails 
fates CURRENT 
¢ External synchronization SENSE 
e Total shutdown after adjustable number epee dl 


of overcurrent faults LOW SUPPLY 
12 INPUT 


EXTERNAL 
SYNC IN 


TOP VIEW 
ORDER NUMBERS 


NE5562D, NE5562F, NES562N 
SE5562F, SE5562N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL AND PARAMETER RATING UNIT 


Supply (pin 15) 
Voltage sourced +15 V 
Current sourced 30 mA 
Output transistor 
Output current 100 mA 
Sync (pin 11) positive 
negative 
Remote on/off (pin 6) positive 
negative 
Feedback pin (pin 8) positive 
negative 
External mod in (pin 4) positive 
negative 
Feedforward (pin 1) positive 
negative 
Error amp out (pin 10) positive 
negative 
Demag/O.V. in (pin 18) positive 
negative 
Current sense (pin 14) positive 
negative 
Low supply sense and hysteresis (Pin 12, 13) positive 
negative 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT | 


SE/NE5562 


Preliminary, 


BLOCK DIAGRAM 
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14 
© EXTERNAL 
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FEEDFORWARDO 
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CLOCK DELAY 
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ON/OFF - — 
6O ne 
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oe ce ae TRIP 
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LINEAR LS! PRODUCTS 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT SE/NE5562 


Preliminary 


DC ELECTRICAL CHARACTERISTICS: v,, = 12V unless otherwise specified 


SYMBOL AND PARAMETER TEST CONDITIONS sani = UNIT 
: Min | Typ | Max | Min | Typ | Max 


REFERENCE SECTION 


Reference Voltage Vp 25°C c: 50 50 ppmiPC (+ 1%) O' Over Temp 3.68 | 3.72 | 3.76 3.72 V 
Zener Voltage Vz iL = 7mA 7.22 | 7.60 | 7.98 7.60 V 


OSCILLATOR SECTION 


F requency Range | a | 300 | kHz | 


MODULATOR SECTION 


Kannur | ota ae ee ee 


HOUSEKEEPING FUNCTIONS 


Deltamax Input Current Over Temp Viy =1V 2 7 on aa Pie 
Accuracy of Duty f= 15kHz to 150kHz 

Cycle Control Vin = 55% of Vz = 
Low Supply Voltage Shutdown Vg for Restart Condition Vzt.2 <s 7 


Loop Fault Protection Threshold 72 


.98 
Dernag/Over Voltage 60 72 | 3.84 3.84 
Over Voltage Input Bias Current 

FEED FORWARD FUNCTION 


ae are enn an © ree ener meten mt 


Duty Cycle Reduction at Feedforward Voltage Ver 
50% Duty Cycle Ver = 2Vz 


Feedforward Bias Current Feedforward Voltage Ver SE 
Ver = 22 

EXTERNAL SYNC 
“ON” Input voltage ie Pee er i | 8 | ve | 
Input Low Current Vin = OV Ff a [tof | 1 10 
ERROR AMPLIFIER SECTION 
Amplifier Open Loop Gain eennenacaL aie HBX 60 80 H+ dB 
Amplifier Bias Current a roe 
Amplifier Output Current P -1 {| + ae ee 
Amplifier Output Swing a Vz~1 Pot ff Met | 
REMOTE ON/OFF ' 
““OFF”’ Input Voltage oe | a | o | 6 V4 
“ON” Input Voltage SEs 
Input Low Current Vin = OV HY 1 Ji 
LOW SUPPLY SHUTDOWN a 


Comparator Input Bias Current - Vin = OV Settet— 2 


Comparator Threshold Voltage ve 4 


- 50 [3.72] 390| |372} | Vv 

Vee Sat. of lout = 1.0mA V 
Hysteresis Transistor Vin = 3.0V 
Vin = 3.0V 
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LINEAR LSI PRODUCTS 


SWITCHED- MODE POWER SUPPLY CONTROL CIRCUIT 


SE/NE5562 


DC ELECTRICAL CHARACTERISTICS: Vo, = 12V V unless otherwise specified (cont) 
7 } SE5562 NESS62_ 
| CURRENT SENSE 


| SYMBOL AND PARAMETER TEST CONDITIONS Typ | Max UNIT 
in | Max Min Min | Typ. Max 
OC1 Threshold Voltage 


7 456 | .480 | .504 480 
OC1 CoeLay Charge Current ViSENS = 510V 


OC2 Threshold Voitage [a aa 600 = 


| OC2 Coe_ay Charge Current 
Coetay Discharge Current 
OUTPUT STAGE 


Vs - Von 


Visens = 640V 490 oie 490 
Visens = =OV 1 = 


115 V6 5 15V ‘ oe | 
lo = 100mA 


11<Ve=15V 
V S 1.5 1.5 V 
11<Ve<15V 
Vv Ss 4 4 V 


SUPPLY VOLTAGE/CURRENT 


CURRENT FEED SHUNT REGULATOR 
2 


Vs | ly = 10mA 14.25 


Vs _ Tin ztima ae Pe 
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SWITCHED- MODE POWER SUPPLY CONTROLLER a NE5568 


RAAT, SO TO Sa Oe a 
et = 


DESCRIPTION FEATURES PIN CONFIGURATION 


The NE5568 is a control circuit for use in ° Micro-miniature (D) package D, FE, N PACKAGES 
switched mode power supplies. It contains * Pulse width modulator 

an internal temperature-compensated sup- Current limiting (cycle by cycle) 
ply, PWM, sawtooth oscillator, over-current ° Sawtooth generator 

sense latch, and output stage. The device is 

intended for low-cost SMPS applications * Stabilized power supply 

where extensive housekeeping functions ° Double pulse protection 
are not required. The NE5568 is a selected ©° Internal temperature-compensated FEEDBACK | 3 | 
version of the NE5561. reference 


TOP VIEW. | 
APPLICATIONS 
¢ Switch mode power supplies 
e DC motor controller inverter 
e DC/DC converter 


ORDER NUMBERS 
NE5568D, NE5S568FE, NESS68N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Supply voltage, Voc 
Output current 


Output duty cycle 
Max total power dissipation 
Operating temperature range 


BLOCK DIAGRAM 
5 n 
REF SAWTOOTH 
VOLTAGE GENERATOR | 


| + 
ERROR 
AMP 
FEEDBACK 0-4 - 


GAIN O- 


STABILIZED | 8.2V_. 
SUPPLY 20 Vz 
CURRENT , 0 
SENSE ~ 
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SWITCHED-MODE POWER SUPPLY CONTROLLER NES 568 


DC ELECTRICAL CHARACTERISTICS Voc = 12V, Ta = 25°C unless otherwise specified. 


| NE5568 
SYMBOL AND PARAMETER TEST CONDITIONS a UNIT 


Vref, Internal ref voltage 

Vz Internal zenerret | ees oe 
, Temperature coefficient of Vac [cane ec ppm/*C | 

Temperature eoeliclent of Vz 2m | ___t ppm/° Cc. 


Oselilator Section 
Frequency range Over temperature aed 
Initial accuracy aa aes Henan 
Duty cycle range Seoeant meee Seca Gee Ac SO ee 


urrent Limiting (hy) : a a rs 
Inhibit delay time for a 


0.400 | 0.500 | 0.600 ae 


Single pulse inhibit delay 
Open loop call 


Vou» Output voltage swing 
Vo_, Output voltage swing 


Output Stage 

Output current Over temperature 

= 20mA, over temperature 
Voce, Saturation 
<= = 40mA, over <—oe. 
Supply Voitage/Current T ieee | Tys25ec | 
l7= 0, voitage fed 
Over | Over temp. | 


loc 
Is= 10mA, current fed 
loc = 30mA, current fed 


Low Supply Protection 
Pin 1 threshold 


NOTE 
All curves and applications of NE5561 apply exactly. 


Q. 
Oo 


10k 


7 


3 


= 
<r 
N 


> 


10.0 | 
13.0 
24.0 


m 
mA 


10.5 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS 


eaaenrarderemeintnentatentenssintoenivenresnrstand 


“$G1526A/ 2926A/3526A 


Preliminary 


DESCRIPTION 


SPECIFICALLY DESIGNED for use in fixed- 
frequency switching regulators and other 
power control applications, these Switched- 
Mode Power Supply Control Circuits can be 
used to implement single-ended or push-pull 
switching regulators of either polarity, both 
transformerless and transformer coupled. 


Included in these monolithic integrated circuits 
are a temperature-compensated voltage refer- 
ence, sawtooth oscillator, error amplifier, 
pulse-width modulator, pulse metering and 
steering logic, and two 200 mA source/sink 
power drivers. Also included are housekeep- 
ing functions such as soft-start and low supply 
voltage lockout, digital current limiting, double- 
pulse inhibit, a data latch for single-pulse 
metering, adjustable deadtime, and provision 
for symmetry correction inputs. 


For ease of interface, all digital inputs are TTL 
and CMOS compatible. Active LOW logic al- 
lows wired-OR connections for maximum 
flexibility. 


The SG1526A is supplied in an 18-pin 
glass/ceramic (cer-DIP) hermetic package 
and is characterized for operation over the full 
temperature range of -—55°C to +125°C, 
allowing its use in military and aerospace ap- 
plications. The SG2526A Is rated for operation 
over the extended range of —40°C to +85°C 
recommending it for many industrial applica- 
tions. The low-cost SG3526A is rated for con- 
tinuous operation over the commercial 
temperature range of 0°C to +70°C. The ex- 
tended and commercial versions are furnished 
in either the cer-DIP package or a dual in-line 
plastic package with copper alloy lead frame 
for improved heat dissipation. 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Supply Voltage, Vs | 


Collector Supply Voitage, Vc 


Logic Input Voltage Range, Vin 
Analog Input Voltage Range, Vin 


Reference Load Current, laer 


Logic Sink Current, lin 


Package Power Dissipation, Pp (Plastic DIP) 
(Cer-DIP) 


Storage Temperature Range, Ts —65 to +150 


NOTE: 


*'Derate linearly to 0 watts at T, = +150°C. 


FEATURES 


8 to 35 V Operation 

Dual 100 mA Source/Sink Outputs 
Stabilized Power Supply 

Current Limiting 

Temperature Compensated Reference 
Source 

Sawtooth Generator 

Low Supply Voltage Protection 
External Synchronization 
Doubie-Pulse Suppression 
Programmable Deadtime 
Programmable Soft Start 

18-Pin Dual In-Line Plastic Package Or 
18-Pin Cer-DIP Hermetic Package 


RATING 


-0.3V to Vs 
mA 
mA 
19 mA 
23 ow 
wr! 


PIN CONFIGURATION 


FN PACKAGES 


NON INVERTING 
FEEDBACK VOLTAGE L1] 


NVERTING [> 
FEEDBACK VOLTAGE 


GAINT3 | 


Csort start L4 
RESET | 5 | 

NON INVERTING 
CURRENT SENSE L6 | 


INVERTING 
CURRENT SENSE ca 


SHUTDOWN | 8 | 


TOP VIEW 


ORDER NUMBERS 
SG1526A F,N 
S$G2526A FN 
SG3526A FN 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS $G1526A/2526A/3526A 


BLOCK DIAGRAM 


Vaer SYNC 


8) (12) - Ve 


” REFERENCE UNDER VOLTAGE 
s (17) REGULATOR [— LOCKOUT | 


GROUND (15) 


TO INTERNAL 
CIRCUITRY 


Ro (11) 


R; . . q 
©) OSCILLATOR | OUTPUT A 
7 a 
Reser (5) Soe 
| START 
c 
SOFT START (4) OUTPUT B 


GAIN (3) 


MEMORY 


FEEOBACK 1) 
VOLTAGE @ 


r) 
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METERING 


cusp > 
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‘SHUTDOWN 
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LINEAR LSI PRODUCTS 


SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS $G1526A/2526A/3526A 


ELECTRICAL CHARACTERISTICS over operating temperature range, Vs 15 V (unless otherwise noted). 
LIMITS 
SG1526A &SG2526A| SG3526A_—Ss| UNITS 


Fawn [type [ Max. [ win. | typ. | Man 


Over Recommended Conditions | 4.90 | 5.00 | 5.10 


Ca ae ee KEW MACAO 
I 
18 


TEST 
PINS 


CHARACTERISTIC 


TEST CONDITIONS 


REFERENCE SECTION (L, =0 mA) 


Reference Voltage 


Ref. Volt. Regulation 


pu=oto2ma | = | to | 30 | ~ | to | 50 | my _ 
| Over Oper Temp. Range | 

Vaer = OV | 25 | 50 | 100 | 25 | 60 | 100 | ma _ 
VerB5VRr=422kaVero4v | — | is | — | — | 18 | = | ma 


Pr = 1500, Cr = 20 uF a he eee 
Oscillator Frequency 9,10 | Rr = 2k0, Cy = 0.001 uF Pi ee ea Ee eae 


[initial Ose. Accuracy | 10 | T=rac | ~ | 30 | ~ | ~ | 30 | ~ | % 
[Ve=stoav | ~ fos | — | ~ | os | — | 
Over oper. Temp. Range [oes MO ee |e) WON se 
p20 oe eof |e 
[Sawtooth Peak Voltage | 12 | Vs=35v. | ~ | 30 | 35 | ~ | 30] 35 | ov 
| Sawtooth Valley Vo, | 12 | Vvs=sov st os | 0 | — | os | to | ~ |v 
[| Sync. Pulse with | 12 [= ter | [500 | 
C 


] 
Input Offset Current 1 


cee | 
Pe PP F280 [1000 nA 
cee 
= 
mies 
ae 


= 
es 
ee 


=) 


L 
[Negative uit Rr = son | — | 02 | 
common Mode econ | 


ean 
Tenoramp.VeRg. +8 [t= 1a0Hz aves ives [oe | o | —] | «| —| 


HOUSEKEEPING FUNCTIONS 


Logic HIGH IsourcE = -—40 pA 2.4 4. 
Logic Voltage Levels 5, 8, 12 | Logic LOW, Isinx = 3.6 MA 02. | 0a) 


Vin =2.4 V. 
5, 8, 12 Vin =0.4V 
Shutdown Delay 13, 16; 100mvV step, 5mV overdrive, Rg=500 


CURRENT LIMITING 


= 
= 
tad 
Lael 
| Common Mode Range | 6&7 |Vs=tav | | | 8 
= 


oO 


N 
w t 
(en) . 
© 
=) 
wn 


i 
re 
on 
A 
no {5 
2 
ro 
—< 


| 
nN 
nO 
on 

A 

WwW 
om 
(o>) 

r 
> 


Input Current 


8— ’ 
6,7 
Sense Voltage Vom = 0to 15 V 
Voltage Gain | ls = 360 pA 


| po 

WOT_EO 
o a 

=e 13 
Bae e 
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LINEAR LSI PRODUCTS 7 oo 
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUITS | | SG1526A/2526A/3526A 


ELECTRICAL CHARACTERISTICS over operating temperature range, Vs 15 V (unless otherwise noted). (Cont'd) _ 


| LIMITS 
TEST - 
PINS TEST CONDITIONS SG1526A & SG2526A|  SG3526A_—s| UNITS 


CHARACTERISTIC 


SOFT START SECTION 


Error Clamp Voltage =a Vs =0.4V 
Cs Charging Current | V,=2.4V 


-QUTPUT DRIVERS (Vc = 15-V) 


Ea 
| = | 100 

flour ==20mA | 12.8 | 13.5 

flour = =100ma | = 8 

: Eas 
: Les 
12, 16 ee 
ca 
Ed 


[riseTine —SSSC=*d tz te = top CS 


NOTES: | | | 
Negative current is defined as coming out of (sourcing) the specified device pin. 
“Commercial, extended, and full temperature range devices are defined on page 2. 


_ 
Le) 
=— © 


RECOMMENDED OPERATING CONDITIONS 


Logic: Supply VoltaG@. Ves cccu eco iat ehadks dew ete dal ee abe eas 8Vto 35 V 
Collector: Voltage, Ve 5 ewer ha ct tre eG os Gehan eit abs nine eben ots wie. 45 V to 35 V 
Output Load Current, lo 0.0... ccc ccc cece een cent en eeeees OT 0 to +100 mA 
Reference Load Current, IL oo... ccc cc cee ence eee ete eens 0 to 20 mA 
Oscillator FrequenCyt oa'xc4.o Gene ye cu ededue So aaeee ae eeiey i eeads ees 1 Hz to 400 kHz 
Oscillator Timing Resistance, Rr ........ 0... ccc eee eens 2 kQ to 150 kN 
Oscillator Timing Capacitance, Cy ......... ccc cece eee den baks 0.001 wF to 20 wF 
Programmed: Deaduine 01.35 eseuieid coer oreo ies wees Be aeRO eaae Se es 3% to 50% 
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SMPS CONTROL CIRCUIT $3524 


DESCRIPTION FEATURES PIN CONFIGURATION 
This monolithic integrated circuit contains 
all the control circuitry for a regulating pow- : = ag el cat ara | D,F,N PACKAGE 
er supply inverter or switching regulator. In- 7 ia and load regulation of 0.2% . 
cluded in a 16-pin dual-in-line package is the 5: 456. caksimany temperature aie INVERT 
voltage reference, error-amplifier, oscilla- ° NON. INVERT i 
; . e Total supply current is less than 10mA INPUT 
tor, pulse width modulator, pulse steering © Operation beyond 100kHz osc. potas 
flip-flop, dual alternating output switches eka 
and current limiting and shut-down circuitry. SENSE Rorneer one 
This device can be used for switching regu- ton 6 COLLECTOR A 
lators of either polarity, transformer coupled EMITTER A 


DC to OC converters, transformeriless volt- 
age doublers and polarity converters, as 
well as other power control applications. COMPENSATION 
The $G3524 is designed for commercial 
applications of O°C to + 70°C. 


SHUTOOWN 


ORDER PART NUMBERS: 
SG3524F, SG3524D, 
SG3524N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 

Input voltage 40 V 
Output current (each output) 100 mA 
Reference output current 50 | mA 
Oscillator charging current 5 mA 
Power dissipation 

Package limitation 1000 mW 

Derate above 25°C 8 mWwW/°C 
Operating temperature range Oto +70 i 
Storage temperature range —65 to +150 as | 


BLOCK DIAGRAM 


ee arene A eA I ei URI TON, cement th hepa et a ner ent oR sh ne rrr a PN YN I a A Nn 


+5V TO ALL —— 


¢ f REFERENCE 
IN REGULATOR 


INTERNAL CIRCUITRY 
+5 
on 
OSCILLATOR — F 3 
C) OUTPUT | SSS 
a 
oun OSCILLATOR (1) 
aie 
Mt. a 
COMPARATOR 
(14) €8 
+5V 
ERROR 
INV. INPUT AMP 
N.I. INPUT (2)-- 
7 tk 
GROUND 
csuastrate) \8 (10) 
SHUTDOWN 
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SMPSCONTROLCIRCUT = ts $63524 


DC ELECTRICAL CHARACTERISTICS (T, =0°C to + 70°C, Von = 20V, and f = 20kHz unless otherwise specified.) 


| sassee 

__amameren | tesreconomons a ssi 
Reference Section 

; Over operating temperature range 


< 


Ww 
° 
* 


ra) 
3 
> 


0 
% 
mV/kHr 


Long term stability Ta = 25°C 
Oscillator Section 
Maximum frequency Cy = .001 mfd, Ry = 2k2 kHz 
% 


oe | of 


iv 


3 
< 


Small signal bandwidth 


Output voltage Ta = 25°C 


Error Amplifier Section 
Input offset voltage Vom = 2.5V 


= 
xr 


ak 
< < $ aS 
N 


Ww 
c 


Comparator Section 
Duty cycle 


% each output “ON” 
Input threshold Zero duty cycle 


input threshold | Maximum duty cycle 
Input bias current 


Current Limiting Section 
Sense voltage 


 ¢) 
oO 


—_ 
Lee) 
—_ 


= 
> 


Pin 9=2V with error amplifier set 180 


for maximum out, T, = 25°C 


Common mode voltage 


Output Section (each output) | 
Collector-emitter voltage (breakdown) 
Coilector-leakage current Vog = 40V 
Saturation voltage le =50mMA 


Emitter output voltage Vin = 20V 17 
Rise time Ro = 2kQ, Ta = 25°C 
Fall time Ro = 2kQ, Ta 225°C 


Total standby current (excluding 
oscillator charging current, error and 
current limit dividers, and with 
outputs open) 


mvV/°C 


eP{[°o ans 
— {RN 


na 
— 


4 


0 


hh 
[0 ¢] —_ 


rs 
3 
> 


— 


-48 


wd 


LINEAR LSI PRODUCTS 


SMPS CONTROL CIRCUIT $G3524 


THEORY OF OPERATION 


Voltage Reference — EXPANDED REFERENCE CURRENT CAPABILITY 
An internal series regulator provides a nomi- 


nal 5 volt output which is used both to gener- 1 
ate a reference voltage and is the regulated 
source for all the internal timing and control- 
ling circuitry. This regulator may be by- 


passed for operation from a fixed 5 volt sup- tee 

ply by connecting pins 15 and 16 together to SECTION 

the input voltage. In this configuration, the 

maximum input voltage is 6.0 volts. Eee 
ON CHOICE 

This reference regulator may be used as a § FOR Q1 


volt source for other circuitry. It will provide 
up to 50mA of current itself and can easily 
be expanded to higher currents with an ex- 
ternal PNP as shown in Figure 1. 


TEST CIRCUIT 


Figure 1 


Ea outputs 
@e@ 


$G3824 


NA 
INPUT 
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OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF THE TIMING 
CAPACITOR VALUE 


: 
QO 
3 
oO 
8 
! 
ai 
z 
» 
[=] 
< 
4 
~ 
p>] 
a 
2 
.001 002 .005 OF O02 .O§ | 
TIMING CAPACITOR VALUE (C--)-MICROFARAOS 
Figure 2 
Oscillator 


The oscillator in the SG3524 uses an exter- 
nal resistor (Rp) to establish a constant 
charging current into an external capacitor 
(Cy). While this uses more current than a 
series connected RC, it provides a linear 
ramp voltage on the capacitor which is also 
used as a reference for the comparator. The 


charging current is equal to 3.6V + Rr and 
should be kept within the range of approxi- 
mately 30uA to 2mA, i.e., 1.8K <Ry< 100K. 


The range of values for Cy also has limits as 
the discharge time of Cy determines the 
pulse width of the oscillator output pulse. 
This pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously during transitions. This 


Output dead time relationship is shown in — 


Figure 2. A pulse width below approximately 
0.5 microseconds may allow false triggering 
of one output by removing the blanking pulse 
prior to the flip-flops reaching a stable 
State. If small values of C7 must be used, the 
pulse width may still be expanded by adding 
a shunt capacitance (= 100pF) to ground at 
the oscillator output. (Note: Although the os- 
cillator output is a convenient oscilloscope 
sync input, the cable and input capacitance 
may increase the bianking puise width 
slightly.) Obviously, the upper limit to the 
pulse width is determined by the maximum 
duty cycle acceptable. Practical values of 
Cr fall between .001 and 0.1 microfarad. 


The oscillator period is approximately t = 
R+Cr where t is in microseconds when Ry = 
ohms and Cy = microfarads. The use of Fig- 
ure 3 will allow seiection of Ry and Cr for a 
wide range of operating frequencies. Note 
that for series regulator applications, the 
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SMPS CONTROL CIRCUIT 


OSCILLATOR PERIOD ASA 
FUNCTION OF Ry AND Cr 


la 
pete i detec 


OSCILLATOR PERIOO-MICROSECONDS 


TWANG RESISTOR (Rr) - KILOHMS 


Figure 3 


two outputs can be connected in parailel for 
an effective 0-90% duty cycle and the fre- 
quency of the oscillator is the frequency of 
the output. For push-pull applications, the 
Outputs are separated and the flip-flop di- 
vides the frequency such that each outputs 
duty cycle is 0-45% and the overal! frequen- 
cy is one-half that of the oscillator. 


External Synchronization 


If It is desired to synchronize the SG3524 to 
an external clock, a pulse of =+3 volts may 
be applied to the oscillator output terminal 
with RyCr set slightly greater than the clock 
period. The same considerations of pulse 
width apply. The impedance to ground at 
this point is approximately 2K ohms. 


if two or more $G3524s must be synchro- 
nized together, one must be designated as 
master with its RrCr set for the correct peri- 
od. The slaves should each have an RyCr 
set for approximately 10% longer period 
than the master with the added requirement 
that Cy (slave) = one-half Cr (master). Then 
connecting Pin 3 on all units together will 
insure that the master output pulse-—-which 
occurs first and has a wider pulse width— 
will reset the slave units. 


Error Amplifier 
This circuit is a simple differential-input, 
transconductance amplifier. The output is 
the compensation terminal, pin 9, which is a 
high impedance node (Ry ~5MQ). The gain 
is 

Ay = gmR, = BIC RL = .002 Ry 

, 2kT 

and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
pin 9 to ground, as shown in Figure 4. 


SG3524 


AMPLIFIES OPEN-LOOP GAIN AS. 
A FUNCTION OF FREQUENCY 
AND LOADING ON PIN 9 


VOLTAGE GAIN-dB 


R= 30k.) ie 


Ry, = RESISTANCE FROM PIN 9 TO GROUNI 


10 106 1K 10K 100K 1M 
FREQUENCY~-HERTZ 


Figure 4 


In addition to DC gain control, the compen- 
sation terminal is also the place for AC 
phase compensation. The frequency re- 
sponse curves of Figure 4 show the 
uncompensated amplifier with a single pole 
at approximately 200Hz and a unity gain 
cross-over at 5MHz. 


Typically, most output filter designs will in- 
troduce one or more additional poles at a 
significantly lower frequency. Therefore, the 
best stabilizing network is a series R-C com- 
bination between pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50k2 
plus .001 microfarad. 


One final point on the compensation terminal 
is that this is also a convenient place to 
insert any programming signal which is to 
override the error amplifier. Internal 
shutdown and current limit circuits are con- 
nected here, but any other circuit which can 
sink 20QuA can pull this point to ground thus 
shutting off both outputs. 


While feedback is normally applied around 
the entire reguiator, the error amplifier can 
be used with conventional operational am- 
plifier feedback and is stable in either the 
inverting or non-inverting mode. Regardiess 
of the connections, however, input common- 
mode limits must be observed or output sig- 
nal inversions may result. For conventional 
regulator applications, the 5 volt reference 
voltage must be divided down as shown in 
Figure 5. The error amplifier may also be 
used in fixed duty cycle applications by 
using the unity gain configuration shown in 
the open loop test circuit. 
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SMPS CONTROL CIRCUIT 


$G3524 


Current Limiting 
The current limiting circuitry of the 
$G3524 is shown in Figure 6. 


ERROR AMPLIFIER BIASING CIRCUITS 


POSITIVE ba 
By matching the base-emitter voltages of earns 
Q1 and Q2, and assuming negligible volt- 
age drop across R;: 
NEGATIVE 


Threshold = Va¢g(Q1) + 1, Ro — Ve¢e(Q2) OUTPUT 
=1,R. =~ 200MV VOLTAGES 


Although this circuit provides a relatively 
small threshold with a negligible temper- 
ature coefficient, there are some limita- 
tions to its use, the most important of 
which is the +1 volt common mode range 
which requires sensing in the ground line. 
Another factor to consider is that the fre- 
quency compensation proviced by R,C, 
and Q1 provides a roll-off pole at approxi- 
mately 300Hz. 


Since the gain of this circuit is relatively 
low, there is a transition region as the cur- 
rent limit amplifier takes over pulse width 
control from the error amplifier. For test- 
ing purposes, threshold is defined as the 
Input voltage to get 25% duty cycle with 
the error amplifier signaling maximum 
duty cycle. 


In addition to constant current limiting, 
pins 4 and 5 may also be used in trans- 
former-coupled circuits to sense primary 
current and shorten an output pulse, 
should transformer saturation occur. 
(Refer to Figure 11.) Another application is 
to ground pin 5 and use pin 4 as an addi- 
tional shutdown terminal: i.e., the output 
will be off with pin 4 open and on when it 
is grounded. Finally, foldback current lim- 
iting can be provided with the network of 
Figure 7. This circuit can reduce the short- 
circuit current (Isc) to approximately one- 
third the maximum available output cur- 


rent (Imax). 


*For additional information, consult 
the Applications Section. 


2.5V (R + Ra) 


Vo= Ry 


Note change in input connections for opposite polarity outputs. 


Figure 5 


CURRENT LIMITING CIRCUITRY OF THE SG3524 


COMPARATOR 
ERROR 
AMPLIFIER 


Figure 6 


FOLOBACK CURRENT LIMITING 


Vo =5V 


Wypilecee me 


1 
1 =— 
MAX Rs 


VTH 
isc = —— WHERE 
Rg 


Vy = 200 mv 


Foldback current limiting can be used to reduce power 
dissipation under shorted output conditions. 


Figure 7 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The uA723/SA723C is a Monolithic Preci- © Positive or negative supply operation 

sion Voltage Regulatorcapableofoperation e¢ Series, shunt, switching or floating oper- 
in positive or negative supplies as a series, ation 

shunt, switching or floating regulator. The e¢ .01% line and load regulation 

723 contains a temperature compensated e Output voltage adjustable from 2 to 37 


D,F,N PACKAGE 


reference amplifier, error amplifier, series volts 
pass transistor, and current limiter, with © Output current to 150mA without exter- 


access to remote shutdown. nal pass transistor 
e »A723 MIL STD 88 3A, B, C available 


ABSOLUTE MAXIMUM RATINGS 


TOP VIEW 


ORDER NUMBERS 
pA723F,N pA723CF,CN 
SA723CN 4A723CD 


Pulse voltage from V+ to V- (50 ms) 50 
Continous voltage from V+ to V- 40 
input-output voltage differential 40 
Maximum output current 

Current from Vrer 15 
Current from Vz 25 


H PACKAGE* 
CURRENT LIMIT 


FREQUENCY 
CURRENT SENSE COMPENSATION 


Internal power dissipation! 800 
Operating temperature range 
pA723 -~55 to +125 
wA723C - 0 to 70 
SA723C ~40 to +85 
Storage temperature range ~65 to +150 


Lead temperature 300 


INVERTING INPUT 


NON-INVERTING 
INPUT 


VReF 


ORDER NUMBERS 
wA723H —-A723CH 


“Meta! cans (H) not recommended for new designs 


EQUIVALENT CIRCUIT 


FREQUENCY 
COMPENSATION 
+ 
oa O 9: Ye 
TEMPERATURE 
COMPENSATED 
ZENER 
eS SERIES PASS 
TRANSISTOR 
». O Vout 
NON-INVERTING 
INPUT 
VOLTAGE 
REFERENCE 
AMPLIFIER 
O \- CURRENT © O CURRENT Oy 
LIMIT SENSE Z 
ERROR CURRENT 
AMPLIFIER LIMITER 
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PRECISION VOLTAGE REGULATOR pA723/723C/SA723C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.’ 


Sa 
PARAMETER TEST CONDITIONS = UNIT 
| Typ | 
Line regulation2 Vin = 12V to Vin = 15V 0.01 c 1 a — 1 %VOuUT 
VIN = 12V to Vin = 40V 0.02 0.2 0.1 0.5 %V OUT 


Load regulation2 IL = 1mMA to Iu = 50mA 0.03 0.15 0.03 0.2 %VOUT 


f = 50Hz to 10kHz, Crer = 0 
t = 50Hz to 10kHz, poe = 5uF 


Short circuit current limit 


Reference voltage 
Output noise voltage 


BW = 100Hz to 10kHz, Crer = 0 
BW = 100Hz to 10kHz, Crer = 5uF 


Bow 
| a pom 
Gn eae Et 
ii 
ae 


Eas 
ae 
| 38 | 30} 
acre ae a 


grad 


The following specifications apply 
over the operating temperature 
ranges 


Vin = 12V to Vin = 15V 
IL = imA to I, = 50MA 


Average temperature coefficient 
of output voltage 


NOTES 


1. Vin = V+ = Vo = 12V, V- = OV, Vout = 5V, IL = 1MA, Rsc = 0, C1 = 100pF, Crer = 0 and 
divider impedance as seen by error amplifier < 10k{2 when connected as shown in 
Figure 3. 

2. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high dissipation. 


TYPICAL PERFORMANCE CHARACTERISTICS 


STANDBY CURRENT DRAIN MAXIMUM LOAD CURRENT LOAD REGULATION 
AS A FUNCTION OF AS A FUNCTION OF CHARACTERISTICS WITH 
INPUT VOLTAGE INPUT-OUTPUT VOLTAGE CURRENT LIMITING 


DIFFERENTIAL 


| +0.4 
= 150°C 
Rry = 150°C/W 
PstaNoBy = 60mMW - 0 
METAL CAN PACKAGE 5 Ta= -55°C 
te (NO HEAT SINK) > a es +25°C 
ws rs #4 _TA= +70°C 
« | { Ta = +125°C 
3 z sas cea aaa Pee | 
> < ° 
a 2 < ~0.2 Ta 
< Ta = +70° 3 iW 7 
b “Th g a eile 
” Ta = +129 w -03 A {| 
Eeee A Ekz 
0 - 0.4 | \\ 
0 10 20 30 40 50 0 80 100 
INPUT VOLTAGE — V (Vin — Vout) — V OUTPUT CURRENT — mA 
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PRECISION VOLTAGE REGULATOR 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE | 
DIFFERENTIAL 


CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 

| TEMPERATURE 


Tgmax = 150°C 
Rry = 111°C/W 
Pstanosy = 60mW 
DIP PACKAGE 
(NO HEAT SINK) 


ee Ta= +25°C 


Taz= +70°C 


Ta= + 125°C 


LIMITING CURRENT — mA 
i, MAX — mA 


CURRENT LIMIT SENSE VOLTAGE — V 


+50 


+100 +150 
JUNCTION TEMPERATURE — °C 


(Vin — Vout) — V 


LINE REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 
VOLTAGE DIFFERENTIAL 


LOAD TRANSIENT RESPONSE 


[isan euraent | | 


> 

E +10 

| FT TTL ot 

z Lin i i 4 E © 

i | x 

= 2 

a o | 

a - 2 

w <0 

g ae 

bh Q Jd 

3 23 

> 6 w 

2 sea ed 

a. 

~ 

3 eens 
-—0.2 


-5 5 15 25 35 


(Vin ~ Vout) — V 


LOAD REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 
VOLTAGE DIFFERENTIAL 


LINE TRANSIENT RESPONSE 


Vin = +12V 
. Vout= +5V 

Rsc =0 

Ta = + 25°C 


| | ineurvourace | | | 
fea eee 
tt 
SSE Rae 


OUTPUT VOLTAGE 


INPUT VOLTAGE DEVIATION — VOLTS 
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INTRODUCTION 


Large systems are comprised of many dif- 
ferent subsystems, all of which must inter- 
face to complete the system. All types of 
Circuits, including linear, digital and dis- 
crete are often used in the subsystems. 


Interface circuits provide the necessary 
function of tying the parts of a system to- 
gether. These circuits are usually not purely 
linear or digital but contain both types of 
circuit functions. For instance, sense ampli- 
fiers are designed for interface between low 
level memory outputs and bipolar levels, 
while differential comparators are designed 
for interface between analog systems and 
TTL/DTL systems. In general, this section 
will cover such devices as comparators, 
sense amplifiers, line drivers/receivers, and 
display drivers. 


CONVERTERS 


Digital communications, digital instruments 
and displays have created a demand for low 
cost reliable converters. Key factors in this 
demand are: 


e The need to communicate with digital 
computers for processing and storage of 
analog signals. 

® Severe limitations encountered in reli- 
able analog data transmission over any 
considerable distance. 

e The need for more easily readable dis- 


plays. 


General application areas for converters 
include: Data processing, data trans- 
mission, graphics and displays, audio sys- 
tems, Control systems and arithmetic opera- 
tions. 


Specific Applications 


Test Systems 


e Transistor tester (Force Ig and Ic) 
Resistor matching 

Programmable power supplies 
Programmable pulse generators 
Programmable current source 
Function generators (ROM drive) 


Arithmetic Operations 

e Analog division by a digital word 

e Analog quotient of 2 digital words 

e Analog product of 2 digital words— 
squaring 

e Addition and subtraction with analog 
output 

@ Magnitude comparison of 2 digital words 

® Digital quotient of 2 analog variables 

e Arithmetic operations with words from 
different logic families 


Graphics and Displays 


e Polar to rectangular conversion 
e CRT character generation 

e Chart recorder driver 

e CRT display driver 


Data Transmission 


Modem transmitter 

Differential line driver 

Party line multiplexing of analog signals 
Multi-level 2-wire data transmission 
Secure communications (constant power 
dissipation) 


Control Systems 


e Reference level generator for setpoint 
controllers 

e Positive peak detector 

e Negative peak detector 

e Disc drive head positioner 

e Microfilm head positioner 


Audio Systems 


Digital AVC and reverberation 
Music distribution 

Organ tone generator 

Audio tracking A/D 

Speech compression and expansion 
Audio digitizing and decoding 


DAC Building Blocks 

The actual implementation of aD/A system 
contains four separate parts: A reference 
quantity; aset of binary switches to simulate 
binary coefficients B;. . . Bn; a weighting 
network; and an output summing means. 


Binary-Weighted Ladder Employ- 
ing Voltage Switching 

The disadvantages of a binary-weighted lad- 
der employing voltage switching include: A 


CONVERSION OF A DIGITALLY 
CODED SIGNAL INPUT INTO AN 
ANALOG SIGNAL OUTPUT 


DIGITAL 
WORD 
INPUT 


Output = Ref. x digital word 


Ba 


B 
Output = Ref. x [ag Ae? © a 
2 4 


Figure 1 


wide range of resistor values which are used 
in weighting the network; and nodal capacit- 
ances which are charged/discharged during 
conversion. See Figure 2. 


R-2R Ladder Network Employing 
Current Switching 

The advantages of this type of network 
include: No need for a wide range of resistor 
values; and current switching eliminates 
transients in nodal parasite capacitances. 
See Figure 3. 


KEY SPECIFICATIONS 
Speed 


The conversion process should represent 
the input signal with the highest fidelity and 
minimal lag in time (Real time applications). 


BINARY-WEIGHTED LADDER 
EMPLOYING VOLTAGE SWITCHING 


Rr 
Vout = — Vrer x (61 ++ — 
ne oR 24 


Figure 2 
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Settling Time | 
R-2R LADDER NETWORK 


Settling time is a measure of a converter’s 
speed and is defined as the elapsed time EMPLOYING CURRENTS WiChING 


after a code transition for DAC output to 
reach final value within specified limits, 
usually +1/2 L.S.B. See Figure 4. 


Errors 

Offset Error —The output voltage of DAC 
with zero code input. Offset 
can and usually is trimmed to 
zero with an offset zero ad- 
just potentiometer. 
See Figure 5. 


Complementary 


Current Compatible 
Outputs input current Current 
latches out version Outputs 
ref of NE5018 


voltage 


Table 1 


Gain Error — Deviation in output voltage 
from correct level when the 
input calls for a full scale 
output. This error may be 
trimmed to zero. 


See Fi : 
e Figure 6 Be ac eas 


| == | x ( p 2 
OUT = IREF 3 4 8 


Relative Accuracy — The maximum devia- 
tion of the DAC output 
relative to an_ ideal 
straight line drawn 
from zero to full scale Stability 


Figure 3 


-1 L.S.B. Long Term 
See Figure 7. Stability is a measure of the independence Stability —Measure of how stable the 
of converter parameters with respect to output is over a long period 
Differential variations in external conditions such as of time. 


Non-Linearity— Incremental error from temperature and supply voltage. 
any ideal L.S.B. analog 
output change when the Temperature 


digital input iS changed 1 Coefficient —The effects of temperature 
L.S.B.. See Figure 8. changes of the output. Spec- 
ified as %F.S. change. 
-Monotonicity — As the input code is incre- 
mented from one code to Supply 
the next in sequence, the Rejection —Ability to resist changes in 


analog output will either the output with supply 
increase or remain con- changes, specified as % full 
stant. See Figure9.. scale change. 
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Figure 7 


A/D CONVERTER CIRCUITS 


_ Analog-to-Digital conversion schemes 


generally fall into one of three categories: 


1. Feedback 

— Counting 

— Tracking (up-down) 

— Successive approximation 
2. Integrating 

— Single slope 

— Dual slope 

— Triple slope 


3. Multiple comparator (Flash) 
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Figure 8 


The type of converter chosen for a given 
application depends upon many things: the 
accuracy required, the conversion speed 
necessary, the necessary immunity to noise, 
and cost are some of these considerations. 


The successive approximation technique is 
the one most widely used, mainly because of 
its excellent tradeoffs in resolution, speed, 
accuracy, and cost. All of the A/D converters 
(ADCs) presently manufactured by Signetics 
are successive approximation types. 


Figure 10 shows a simplified block diagram of 
a successive approximation A/D converter. 
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Figure 9 


Upon receiving the start signal, the succes- 
sive approximation register (SAR) is cleared 
and the most significant bit (MSB) of that 
register is set. The SAR output is connected 
to the input of the DAC, the output of which is 
compared with the unknown input. If the input 
is less than the DAC output, the MSB is 
cleared and the next bit is set; if the input is 
greater than the DAC output, the MSB is left 
high and the next bit is set. The input is again 
compared with the DAC output and the 
second bit cleared or left high, based on the 


‘same criteria as for the MSB. This process 


continues until all bits nave been determined. 
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Figure 10. Block Diagram of a Successive Approximation A/D Converter. 


The analog input should not change appre- 
ciably during the conversion time. If it did 
change during this time, the converted output 
would not be a true indication of the analog 
input. For this reason, it is common practice 
to use a sample-and-hold circuit at the con- 
verter analog input to hold the input value 
constant during the conversion process. A 
sample-and-hold circuit is not necessary if the 
signal at the input of the converter varies 
slowly enough and has a noise level low 
enough so that the input will not change a 
significant amount during the conversion. The 
allowable input change during this conversion 
is generally accepted as the value of 1/2 LSB 
(for n-bit accuracy). 


Accuracy and speed are determined primarily 
by the properties of the DAC and the com- 
parator. Linearity is determined primarily by 
the linearity of the DAC. If the DAC is non- 
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monotonic, one or more codes will be missing 
from the A/D converter’s output range. 


Figure 11 is the transfer function of a 3-bit 
binary coded A/D converter with a0 to + 10V 
input range. A 3-bit ADC is shown for simplic- 
ity but the principle applies to ADCs of any 
resolution. Note that there is a 1/2 LSB offset 
at the input such that the first count occurs 
with the input is equal the 1/2 LSB. The cen- 
ter of the range for the first step occurs, there- 
fore, when the input is equal to the value of 
one LSB, and the error at the switch point is 
limited to 1/2LSB. This error is known as the 
quantization error as it is derived from the 
smallest input quantity that can be resolved. If 
an ADC has a specified error of 1/2 LSB max- 
imum, this means that any transition point 
can be as far as 1/2 LSB from where it should 
be. 


OUTPUT CODE 


INPUT VOLTAGE 


Figure 11. Transfer function of an ideal 
3-bit ADC with a 0 to 10V input range. 
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CONSIDERATIONS FOR 
A/D CONVERTERS 


© Analog input signal range and resolution 
required 

e Linearity requirement and stability 

e Conversion speed required 

e Monotonicity requirement: Can missing 
codes be tolerated? 

® Character of input signal: Is it noisy, 
sampled, filtered, slowly varying? 

° Transfer characteristics (Type of coding) 


A/D CONVERTER TERMS 


Resolution 

Resolution is the input change required to 
increment the output between the two adja- 
cent codes. This term also refers to the 
number of bits in the output word and; 
hence, the number of discrete output codes 
the input analog signal can be broken into. 
Expressed in “bits” resolution. 


Transfer Characteristic 


The Transfer Characteristic is the relation- 
ship of the output digital word (code) to the 
input analog signal, i.e., Binary, BCD. 


Conversion Speed 


The Conversion Speed is the speed at which 
an ADC can make repetitive data conver- 
sions. 


Quantizing Error 


Quantizing Error is an inherent error in the 
conversion process due to finite resolution 
(discrete output). See Figure 12. 


Offset Error 


An Offset Error is shown in Figure 13. 


Gain Error 
A Gain Error is shown in Figure 14. 


Relative Accuracy 
Relative Accuracy is the deviation of an 
actual bit transition from the ideal transition 
value at any level over the range of the ADC 
(% F.S.). See Figure 15. 


Hysteresis Error 


A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 


Monotonicity 

Monotonicity is when the output code either 
increases or remains the same for increas- 
ing analog input signals. The opposite is 
true in the reverse direction. 


Missing Codes 


A Missing Code is a code combination that 
is skipped. See Figure 16. 
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DACO08 SERIES 
Reference Amplifier Setup 


The DACOS8 Series is a multiplying D-to-A 
converter in which the output current is the 
product of a digital number and the input 
reference current. The reference current may 
be fixed or may vary from nearly zero to 
+4.0mA. The full scale output current is a 
linear function of the reference current and is 
given by this equation where Ipe_er¢ = 144. 


255 
lFs = 
256 


@IREF 


In positive reference applications shown in 
Figure 1, an external positive reference 
voltage forces current through R14 into the 
Vrer (+) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference 
may be applied to Vrer (—) at pin 15, shown 
in Figure 2. Reference current flows from 
ground through R14 into Vrer(+) as in the 
positive reference case. This negative 
reference connection has the advantage of a 
very high impedance presented at pin 15. The 
voltage at pin 14 is equal to and tracks the 
voltage at pin 15 due to the high gain of the 
internal reference amplifier. R15 (nominally 
equal to R14) is used to cancel bias current 
errors. R15 may be eliminated with only a 
minor increase in error. 


Bipolar references may be accommodated by 
offsetting Vag Or pin 15 as shown in Figure 3. 
The negative common mode range of the 
reference amplifier is given by the following 
equation. 


Vom- = V- + (IRer @ 1k) + 2.5V 


When a de reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
‘TTL logic supply is not recommended as a 
reference. If a regulated power supply is used 
as a refernce R14 should be split into 2 resis- 
tors with the junction bypassed to ground with 
a 0.1nF capacitor. 


For most applications, a + 10.0V reference is 
recommended for optimum full scale tem- 
perature coefficient performance. This will 
minimize the contributions of reference ampli- 
fier Vog and TCVog. For most applications the 
tight relationship between Iper and Irg will 
eliminate the need for trimming Ipce if 
required, full scale trimming may be ac- 
complished by adjusting the value of R14, or 
by using a potentiometer for R14. An impro- 
ved method of full scale trimming which elimi- 
nates potentiometer T.C. effects is shown 
Figure 4. 


Using lower values of reference current 
reduces negative power supply current and 
increases reference amplifier negative com- 


mon mode range. The recommended range 
for operation with a de reference current is 
+0.2mA to + 4.0mA. 


The reference amplifier must be compensa- 
ted by using a capacitor from pin 16 to V-. 
For fixed reference operation, a 0.01pF ca- 
pacitor is recommended. For varible refer- 
ence applications, see section entitled Ref- 
erence Amplifier Compensation for 
Multiplying Applications. 


Multiplying Operation 


The DACO8 Series provides excellent multi- 
plying performance with an extremely linear 
relationship between Irg and Ipee over a 
range of 4mA to 4zA. Monotonic operation is 
maintained over a typical range of IRe- from 
100pA to 4.0mA. 


Reference Amplifier 
Compensation for Multiplying 
Applications 


AC reference applications will require the 
reference amplifier to be compensated using 
a capacitor from pin 16 to V —. The value of 
this capacitor depends on the impedance pre- 
sented to pin 14. For R,,4 values of 1.0, 2.5 and 
5.0KQ, minimum values of Co are 15, 37 and 
75pF. Larger values of Ry, require propor- 
tionately increased values of Co for proper 
phase margin. 


For fastest multiplying response, low values 
of R14 enabling small C. values should be 
used. If pin 14 is driven by a high impedance 


such as a transistor current source, none of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decreased overall bandwidth and 
slew rate. For R,,=1kQ and CC = 15pF, the 
reference amplifier slews at 4mA/us enabling 
a transition from Ipee=0 to Ipee=2mA in 
500ns. 


Operation with pulse inputs to the reference 
amplifier may be accommodated by an al- 
ternate compensation scheme shown in 
Figure 5. This technique provides lowest full 
scale transition times. Full scale transition (0 
to 2mA) occurs in 120ns when the equivalent 
impedance at pin 14 is 2000 and C, = 0. This 
yields a reference slew rate of 16mA/us, 
which is relatively independent of Ryy and Vix 
values. 


Logic Inputs 


The DACO8 design incorporates a logic input 
circuit which enables direct interface to all 
popular logic families and provides maximum 
noise immunity. This feature is made possible 
by the large input swing capability, 2uA logic 
input current and completely adjustable logic 
threshold voltage. For V-— = — 15V, the logic 
inputs may swing between -—11V and + 18V. 
This enables direct interface with +15V 
CMOS logic, even when the DACO8 is 
powered from a + 5V supply. Minimum input 
logic swing is given by following the equation. 


V- + (IREF @ 1k) + 2.5V 


BASIC POSITIVE REFERENCE 
OPERATION 


* VREF 


we Ty ‘ad 


Irs ~ +_—.x—lo + lo = IFg for all logic states 


Vrer 255 


Rrer 256 


For fixed reference, TTL operation typical values are: 


Vrer = +10,000V, Racer =-5,0002 R15 = Rrer, 
Cc = 0.01uF, Vic = OV (ground) 


LSB 
. B B, B, B, 8B, 
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Figure 1 
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Rrer sets Irs, R15 is for bias current cancellation. 


Figure 2 
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Figure 3 


RECOMMENDED FULL SCALE 
ADJUSTMENT CIRCUIT 


Figure 4 


The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage 
at the logic threshold control in (pin 1, Vic). 
Figure 6 shows the relationship between Vic 
and V+, over the temperature range, with V+, 
nominally 1.4 above Vic. For TTL and DTL 
interface, simply ground pin 1. When interfac- 
ing ECL, an Ince = 1MA is recommended. For 
interfacing other logic families, see Figure 7. 
For general setup of the logic control circuit, it 
should be noted that pin 1 may source up to 
200A. External circuitry should be designed 
to accommodate this current. 


Fastest settling times are obtained when pin 
1 sees a low impedance. If pin 1 is connect- 
ed to a 1kN divider, for example, itshould be 
bypassed to ground by a 0.01uF capacitor. 


Analog Output Currents 

Both true and complemented output sink 
currents are provided, where Io + lo = Irs. 
Current appears at the true output when a 1 
is applied to each logic input. As the binary 
count increases, the sink current at pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a 0 is 
applied to any input bit, that current is 
turned off at pin 4 and turned on at pin2.A 
decreasing logic count increases lo as ina 
negative or inverted logic D-to-A converter. 
Both outputs may be used simultaneously. 
If one of the outputs is not required it must 
still be connected to ground or to a point 
capable of sourcing Irs. Do not leave an 
unused output pin open. 


Both outputs have an extremely wide voltage 
compliance enabling fast direct current-to- 
voltage conversion through a resistor tied to 
ground or other voltage source. Positive com- 
pliance is 36V above V - and is independent 
of the positive supply. Negative compliance is 
given by the equation: 


V-— + (lncee kQ) +3.0V 


Note that lower values of IrRer will allow a 
greater output compliance. 


The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT de- 
flection and in other balanced applications 
such as balanced bridge A/D circuits as well 
as driving center-tapped coils and trans- 
formers. 


Power Supplies 

The DACO8 operates over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
+ 5V or less, Ine < 1MA is recommended. 


PULSED REFERENCE OPERATION 


*VREF 
v 


4 
j- { OPTIONAL RESISTOR 
<* \ FOR OFFSET INPUTS 9 


Figure 5 


Low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common mode range, negative logic input 
range, and negative logic threshold range. 
Consult the various figures for guidance. For 
example, operation at — 4.5V with IRee = 2MA 
is not recommended because negative output 
compliance would be reduced to near zero. 
Operation from lower supplies is possible; 
however, at least 8V total must be applied 
between pins 2 and 4, and pin 3 to insure 
turn-on of the internal bias network. 


Symmetrical supplies are not required, as the 
DAC08 is quite insensitive to variations in sup- 
ply voltage. Battery operation is feasible as 
no ground connection is required; however, 
an artificial ground may be useful to insure 
logic swings, etc., remain between accep- 
table limits. 


Power consumption may be calculated by this 
equation. 


Pp = (I+XV+) + (4+V-) + (2]REFMV-) 


A useful feature of the DACO8 design is that 
supply current is constant and independent of 
input logic states. This is useful in crypto- 
graphic applications and further serves to 
reduce the size of the power supply bypass 
capacitors. 


Temperature Performance 

The linearity and monotonicity specifications 
of the DACO8 are guaranteed to apply over 
the entire rated operating temperature range. 
Full scale output current drift is low, typically 
+ 10ppm/°C, with zero scale output current 
and drift essentially negligible compared to 
1/2 LSB. ie, 


Full scale output drift performance will be 
best with +10.0V references, aS Vog and 
TCVos of the reference amplifier will be very 
small compared to 10.0V. The temperature 
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Figure 6 


coefficient of the reference resistor R14 
should match and track that of the output 
resistor for minimum overall full scale drift. 
Settling times of the DACO8 decrease approx- 
imately 10% at ~55°C and an increase of 
about 15% at + 125°C is typical. 


Settling Time 
The DACO8 is capable of extremely fast set- 
tling times (typically 85ns at Ipee = 2.0MA). 


VTH = +1.4V 


NOTE - 


Judicious circuit design and careful board lay- 
out must be employed to obtain full perform- 
ance potential during testing and application. 
The logic switch design enables propagation 
delays of only 35ns for each of the 8 bits. 
Settling time to within 1/2 LSB of the LSB is 
therefore 35ns, with each progressively larger 
bit taking successively longer. The MSB set- 
tles in 85ns, thus determining the overall set- 
tling time of 85ns. Settling to 6-bit accuracy 
requires about 65 to 70 ns. The output capa- 
citance, including the package, is approxi- 
mately 15pF. Therefore the output RC time 
constant dominates settling time if RL 
>5000. j 


Settling time and propagation delay are 
relatively insensitive to logic input ampli- 
tude and rise and fall times due to the high 
gain of the logic switches. Settling time also 
remains essentially constant for IReF values 
down to 1.0mA, with gradual increases for 
lower IReF values. The principal advantage 
of higher IRer values lies in the ability to 
attain a given output level with lower load 
resistors, thus reducing the output RC time 
constant. 


Measurement of settling time requires the 
ability to accurately resolve +4yA. Therefore 


~ AN404 


a 1kQ load is needed to provide adequate 
drive for most oscilloscopes. The settling time 
fixture of Figure 8 uses a cascode design to 
permit driving a 1kQ load with less than 5pF of 
parastic capacitance at the measurement 
node. At Inge values of less than 1.0mA, 
excessive RC damping of the output is diffi- 
cult to prevent while maintaining adequate 
sensitivity. However, the major carry from 
01111111 to 10000000 provides an accurate 
indicator of settling time. This code change 
does not require the normal 6.2 time con- 
stants to settle to within +0.2% of the final 
value; thus, settling time may be observed at 
lower values Of Ipee 


The DACO8 switching transients or glitches 
are very low and may be further reduced by 
small capacitive loads at the output at a minor 
sacrifice in settling time. 


Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and Vic 
terminals. Supplies do not require large 
electrolytic bypass capacitors as the supply 
current drain is dependent of input logic 
states. 0.1uF capacitors at the supply pins 
provide full transient performance. 


INTERFACING WITH VARIOUS LOGIC FAMILIES 


VTtH* Vics 1.4V 
+15V CMOS.HTL,HNIL 
- VTH +7.6V 
+12V TO +15V 


10K ECL 
VTH = +5.0V VTH 
+10V 


-1 29V 


Do not exceed negative logic input range of DAC 
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Figure 8 


TYPICAL APPLICATIONS 


BASIC UNIPOLAR NEGATIVE OPERATION 


MSB LSB 
B, 82 B, B, Bs By B, B, 
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Figure 9 
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BASIC BIPOLAR OUTPUT OPERATION 


+ 10,0000 


10,0002 10,0000 


InEF (-) 
2 2.000mA 


Psd Bef ea[ se[ es | eel a7] Be] Fo | Fo | 
POS full scale 1 1 1 1 1 1 1 -9.920 +10.000 
POS full scale - LSB 1 1 1 1 1 1 0 -9.840 +9.920 
Zero scaie + LSB 1 0 0 0 ; 

Zero scale 1 0 0 0 
Zero scale - LSB 0 1 1 1 


Figure 10 


SYMMETRICAL OFFSET BINARY OPERATION 
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POS full scale 
POS full scale - LSB 


(+) Zero scale 
(-) Zero scale 
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| Neg full scale 


Figure 11 
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POSITIVE LOW IMPEDANCE OUTPUT OPERATION 


0 TO leg e R. 
leg = abe I 
FS ~ 956 ‘REF 
For complementary output (operation as negative logic DAC). connect inverting 


input of OP-amp to Io (pin 2), connect Io (pin 4) to ground. 


Figure 12 


NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 


0 TO Ipg * Ry 


i ear 
FS = 956 REF 


For complementary output (operation as a negative logic DAC). connect non- 
inverting input of OP-amp to lo (pin 2); connect Io (pin 4) to ground. 


Figure 13 
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Figure 14 
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3 IC LOW COST A-TO-D CONVERTER 
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*10V 
REFERENCE 
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OUTPUT 


CONVERSION 
COMPLETE 


TTL CLOCK INPUT @ 
2.25MHz 


NOTE 


Connect “start” to “conversion complete” for continuous conversions. 


Figure 15 


DC-COUPLED DIGITAL ATTENUATOR/ 
PROGRAMMABLE GAIN AMPLIFIER 


Performs 2 quadrant NOTES 
multiplications—AC input R1=R2=R3 
controls output polarity. R4=R5 


1 
2. 

3. Eo OC to 20KHz = +5V 
4. Eo DC to 10KHz = +10V 


Bipolar input offset 
binary output 


Figure 17 
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LOW COST 2-DiGIT BCD DAC 


0T09.9V 
IN 0.1V STEPS 
-15V 


VFS ‘9.9V FOR 
(1001 1001) CODE 


NOTE 


Output is directly proportional to positive power supply. 


Figure 16 


HIGH SPEED WAVEFORM GENERATOR 


OUTPUT SWITCH] CONDITIONS 
TYPE (EO) S(+) S(-) 


Unipolar positive 
Unipolar negative 
Bipolar 


CLOCK INPUT 


8-BIT UP/ DOWN 
COUNTER 
74191N 
-10V 
REFERENCE 
AMPLITUDE 
CONTROL 


8 91011712 
+.05% 
MISMATCH 
DACO8 


+15V -15V 


Tower 


NOTES 


Bipolar output is symmetrical around zero, adjustable peak to peak amplitude. 
. For triangle wave, count up to full, reverse and count down. 

For positive-going sawtooth, count up to full, clear, repeat. 

For negative-going sawtooth, count down, clear, repeat. 

For other waveforms, use a ROM programmed with the desired function. 


Figure 18 
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DIGITAL ATTENUATOR 


Figure 1 shows a D-C coupled Digital Atten- 
uator or Programmable Gain Amplifier. 


Pin 14 of the DAC is a Virtual Ground. Current 
must always flow into Pin 14, so the current 
through R4 must be greater than that through 
R1 when the input signal is at its most nega- 
tive usable value. If the input signal value 
goes low enough to cause the current through 
R1 to be greater than that through R4, output 
clipping will occur. 


To extend the operating frequency range, the 
compensation cap, Cc, needs to be 
minimized, which implies that the resistance 
at Pin 14 (R1 and R4) must be minimized. If 
the voltage to which R4 and R65 are returned 
has any noise on it at all, R4 and R5 should 
be formed of two series resistors with the 
junction of them bypassed with 0O.1nF to 
ground. Pin 15 could be grounded with a 
small sacrifice in accuracy and temperature 
drift. R6 and R7 compensate for reference 
amplifier input offset. 


R1 and R4 should be chosen such that, when 
the input is at peak usable signal, the total 
current into Pin 14 does not exceed 4mA. 
When the input is most negative, R1 current 
must be less than R4 current (remember, 
pin 14 is always at OV). Also, when the input is 
at its absolute positive peak value, current 
into pin 14 should not exceed 5mA. Minimum 
compensation capacitor, Co, in pF is 15 times 
the paralle! combination of R1 and R4 in 
K-ohms. 


With a single DAC, there isaD C offset at the 
circuit output that varies with the digital word 
input. To eliminate this, we use a second DAC 
to subtract this offset at the sum node of the 
op-amp. 


Example 1: Input signal is to be 20V p-p, cen- 
tered at OV. Maximum input fre- 
quency is to be 15kHz. Power 
supplies available are +/- 15V, 
both regulated. Determine val- 
ues of all resistors for maximum 
gain of unity. 


Solution 1: At minimum input (—- 10V), 
reference current, Ipeg 's 

15V a (— 10V) 

R4 R14 


IREF = 


If minimum Iper = 0, then 


15V 10V 


eee nee 


R4 R14 


and R4 = (1.5)(R1), 


Therefore, 60 percent of Iper 
comes through R4. If we let Iree go 
to about 3.9mA (4mA is max 


recommended), R4 current is 
found to be 

Inq = (0.6) (8.9MA) = 2.34MA 

and R4=6.4K. 


The balance of the reference current Ip, is 
found to be 


Ia, = 3.9MA — lpg 

or 

Ipy = 3.9MA — 234mA = 1.56mA 
and 

R1=6.4K 


Using commonly available values, and 
remembering that R4 current must exceed R1 
current, we set 


R1=6.8K 


and R4=6.2K. 


Maximum reference current is now 
IRer (Max) = cae + Ne 3.9MA. 
6.2K 6.8K 


The parallel combination of R1 and Ré4 is 
found to be 3.24K, so minimum compensa- 
tion capacitor value is 


Co (min) = (3.24)(15)pF = 48.6pF. 
If we use S50pF, from the graph we find Fimaxy 
to be 370kHz. For unity gain, 
R2=R1i=6.8K 
R3 = R2=6.8K 
R5=R1=6.8K 
(R1) (R4) 
R1+R4 


R6 =R7= = 3.24K 


(use 3.3K) 


Example 2: Usable input signal is 12V p-p, 
centered at OV, with occasional 
excursion to twice this ampli- 
tude, which we do not care 
about. Maximum input fre- 
quency is to be 500kHz. Avail- 
able power supplies are +5V 
logic supply, +15V, — 15V, all 
regulated. Determine values of 
all resistors and Co for max- 
imum gain of 2. 


Solution 2: To extend the frequency re- 
sponse, we want minimum com- 
pensation capacitor value, 
therefore need minimum Ri and 
R4 values, for which reason we 
want to return R4 to as low a 
regulated supply as is possible; 


we will use the 5V logic supply. 


At minimum usable input, 


| sv OBV 
EES SS TS 
rer RA ORI 


or, for By BV 
er =0, — = — 

R4 R1 
therefore, 55 percent of lier 
comes through R4, and 


R4 = (5/6)R1. 


Because peak input goes to 
+ 12V, this condition should not 
Cause Ie) to exceed SMA, and 


Recall that R4 = (5/6) R1 
12V 5 a 


acces = A oe ee 


R1 (5/6) (R1) 


Ri=3.6K 
and R4 = (5/6) R1 = 3.0K 


Because the reference source will be the 5V 
logic supply, which will be noisy, we will split 
R4 into two resistors and bypass their junc- 
tion with 0.1F to ground. Furthermore, to be 
sure that R4 current exceeds R1 current, we 
will increase R1 to 4.3K. The absolute maxi- 
mum reference current is now 


12V 
4.3K 


+ a = 4.46mA. 


3K 


IRer (Max) = 


The parallel combination of R1 and Ré4 is 
1.77K, so minimum compensation capacitor 
is 

C¢(min) = (15)(1.77) = 26.5pF 


lf we use 27pF, the graph tells us the max- 
imum frequency is about 490kHz, which is 2 
percent lower than desired. If we wanted to 
further extend this frequency range, we find 
that we can reduce R4 to two resistors of 1.1K 
and 1.2K, bringing the absolute maximum 
reference current to 


12V 
lner (Max)= —— + 


4.3K 


Sv = 4.96mA 


2.3K 


and the maximum usable reference current 
becomes 


leer = oy + ae 3.57mA, 
43K 2.3K 


below the 5mA and 4mA respective desired 
maximum values. Now the resistance at pin 
14 is the paraliel combination of R1 and R4, 
or 1.4K, and the minimum compensation 
Capacitor becomes 


C-(min) = (15)(1.4)pF = 21 pF. 


If we use 22pF, the graph tells us we can just 
go to 500kHz. 
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USING THE DACO8 WITHOUT A 
NEGATIVE SUPPLY 


The DACOS8 can be used without a negative 
supply if a few precautions are observed: 


1. Voc must be in the range of 10V to 30V. 

2. Veer.) Must be at least 3V more positive 
than pin 3 at all times. 

3. Pins 2 and 4 must always be at least 5 
volts above pin 3 for reference currents up 
to 2mA, and at least 8 volts above pin 3 for 
reference currents above 2mA. 

4. Pin 1 must be at least 5 volts above pin 3. 


Figure 1 shows the DAC08 in a circuit without 
a negative supply with two MC 1489’s used as 
level shifters. The need for level shifters is 
implied from requirement 4 above, since the 
iogic threshold is about 1.35 volts above pin 1. 
Vo must be the same potential as the positive 
logic supply because of the internal circuitry 
of the MC 1489. 


If Veer, +) IS a very stable source with no rip- 
ple or noise, R1 and R2 can be a single resis- 
tor. The same is true of R3 and Ré if Vrer; _) 
is a very stable source. Resistor values are 
determined as follows: 

Rte Rom REF(+) ~ VREF(-) | 

IREF 
R3+R4=R1+R2 
where Iper¢ is reference current through R1 and R2 
(pin 14 is at VRE r(—,y potential) 


The value of the compensation capacitor, Co, 
is determined by the relationship: 
Cc = 15 (R1 + R2) 
where Co is in pF and R1 and R2 are in Kilohms. 


Vg (DACO8 pin 1 and MC 1489 pin 7) must be 
at least 5 volts for DACO8 reference currents 
at or below 2mA, and at least 8 volts for 
reference currents above 2mA. Vo must also 
be equal to the positive potential of the logic 
Supply, as mentioned above. it should be 
noted that the MC1489 inverts the logic 
inputs. 


EXAMPLE 


Power supply voltages of +5V and + 15V are 
available and the input logic is TTL. The need 
is for a DAC with a full scale output of 2mA. 


® Vo is set to + 5V 

® Voc for the DACO8 and the MC 1489 are set 
to + 15V 

¢ lf Veer 4) and Vac.) are set to + 15V and 
+ 5V respectively, 


e R3+R4 should also add up to 5 Kilohms. 
® Co is 15(5)pF = 75pF. 
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Figure 1. Using the DACO8 without a negative supply. 
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DAC products are designed to convert a 
digital code to an analog signal. Since a 
common source of digital signals is the data 
bus of a uw processor, DAC circuits that are 
bus compatible ease the design engineer's 
interface problems. 


WHAT FEATURES MAKE A DEVICE 


BUS COMPATIBLE? 
The five conditions which determine pro- 
cessor bus compatibility are: 


® inputs must be low loading 

© Addressing must be provided 

® Inputs must be latched 

® Logic thresholds must be compatible 

® Timing requirements should be ade- 
quate (<1 u sec) 


Signetics microprocessor compatible DACs, 
the NE5018 series, meet these requirements. 
In addition, they provide an internal reference 
source. The NE5018 provides a scaled 
voltage output, eliminating the need for an 
external op amp. The NE5118 is identical to 
the NE5018, except it provides the user with a 
current output. Figure 1 shows a typical 
microprocessor system with analog I/O using 
the NE5018 to provide a programmable 
voltage and an NE5118 to provide a program- 
mable current. 


The following discussions detail the operation 
of the NE5018 and NE5118 series DAC’s. 


LATCH CIRCUIT 


The latch circuits of the NE5018 and 
NE5118 are identical. Both the data inputs 
and latch enable (LE) input feature ultra-low 
loading for ease of interfacing. The eight bit- 
data latch, controlled by the latch enable 
input, is static and level sensitive. When 
(LE) is low, all the latches become transpar- 
ent and the output changes as the bit pat- 
tern changes on the data bus. When the 
latch enable returns to its high state, the 
last set of inputs are held by the latch and a 
unique output corresponding to the binary 
word in the latch is produced. While the 
latch enable is high, the latch inputs repre- 
sent a high impedance load on the data bus 
and changes on the data bus have no effect 
on the DAC output. 


The digital logic input for the NE5018 and 
NE5118 series DAC’s utilize a_ differential 
input logic system with a threshold level of 
+ 1.4 volts with respect to the voltage level on 
the digital ground pin (Pin 1). 
To be compatible with microprocessors, the 
DAC should respond in as short a period as 
possible to insure full utilization of the n.P and 
/O data bus lines. Figure 2 gives the typical 
timing requirements of the latch circuits in the 
NE5018 and NE5118. 


The voltage levels on the data bus should be 
stable for approximately 150ns before latch 
enable returns to high level. The timing dia- 
gram shows 100Ons is required for set-up 
time and the information on the data lines 
should remain valid for another 50ns. 


REFERENCE INTERFACE 


The NE5018 and NE5118 contain an internal 
bandgap voltage reference which is de- 
signed to have a very low temperature coef- 
ficient and excellent long term stability char- 
acteristics. 


The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a Vac (AD) (pin 
12) allows easy trimming of the reference out- 
put (pin 13). Use of a 10K pot and series resis- 
tor, as shown in Figure 3, adjusts the gain of 
the buffer amplifier therefore varying the out- 
put reference voltage level. 


This network can then be used as a full scale 
output adjust. A variation in the Vagr OUT of 


~ .8V, results in a corresponding 1.6V vari- 
ation in the full scale output. This is more 
than adequate since the untrimmed Varr 
OUT is typically within 200mv of the nominal 
5 volts. The Veer OUT will provide a maxi- 
mum of 5mA drive and can be used as a 
reference voltage for other sysiem compo- 
nents, if required. 


Since a potential need exists to use the 
NE5018 and NE5118 as multiplying DAC’s, the 
Vaer is not connected internally, allowing the 
use of external reference sources. To utilize 
the internal reference, the Vace OUT (pin 13) 
must be jumper connected to the Vacr IN 
(pin 14). This also makes it possibie to use a 
common reference for other D/A or A/D cir- 
Cuits in a system. 


INPUT AMPLIFIER OF THE NE5018 


The DAC reference amplifier has been de- 
signed to eliminate the need for compensa- 
tion when operating from the internal refer- 
ence or from an external reference which is 
buffered by an op amp or low impedance 


M 
Processor 


ADDRESS BUS 


10 
LOGIC 


SELECT 


a_———- Its 
| 100ns 


INTERFACING TO A uPROCESSOR 


i a a Bus 


LATCH ENABLE (LE) TIMING DIAGRAM 
for the NE5018 and NE5118 


LE a tpw = 120m —e 
t 


Figure 2 


ANALOG VOLTAGE OUT ANALOG CURRENT OUT 


Figure 1 


——— | tp 
50ns 
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source. Compensation is required, however, 
when operating from a high impedance 
source. The addition of an external resistance 
reduces the phase margin of the amplifier 
making if less stable. Compensation, when 
required, is a single capacitor from pin 16 to 
ground. 


Figure 4 details the input reference amplifier 

‘and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1mA reference current through Qp with a 5 
volt Vaee This current sets the input bias to 
the ladder network. Data bit 7 (DB7) Q,, when 
turned on, will mirror this current and will con- 
tribute 1mA to the output. DB, (Q,) will contri- 
bute 1/2 of that value or .5mA, and so on. If all 
bits are on, the output current will be 2mA - 1 
LSB. The full scale Voyr will be (loyrRg) or 
(2mA-1LSB x 5K)=(10V - 1 LSB) = 9.961V. 
The overail input/output expression for the 
NE5018 is: : 


DB7 


DB6 
Vout = 2VRer x (> + 


4 


DBS 


DB4 . DB3 
16 32 + 


DB2 , DB1 , DBO 
64 


+ 
s| 
+ 


The minimum current for the ladder network 
to be operative in the linear region is 100uA. 
Therefore the minimum Vpeg input is 
500mV. The slew rate of. the reference ain- 
plifier is typically .7V/us without compensa- 
tion. The input structure of the NE5118 is 
slightly different and will be discussed in 
greater detail later. Q7 provides a termina- 
tion for the R-2R ladder network and does 
not contribute to lout, 


MICROPROCESSOR COMPATIBLE DACs 


OUTPUT INTERFACE OF THE 
NE5018 


The NE5018 has an internal op amp which 
provides a voltage output, while the NE5118 is 
a current output device. The NE5018 output 
op amp is a two stage design with feed- 
forward compensation. Having a slew rate 
10V/us, it provides a voltage output from 0 to 
10V (+.2%) typically within 2us (the time 
allowed for the output voltage to settle to 
within 1/2 LSB). Compensation must be pro- 
vided externally as shown in Figure 5. 


The addition of the optional diode between 
the summing node (Pin 20) and ground pre- 
vents the DAC current switches from driving 
the op amp into saturation during large signal 
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transitions which would increase the settling 
time. | 

Zero adjust circuits such as the one shown in 
Figure 5 may also be connected to the sum- 
ming node to provide a means to zero the out- 
put when all zeros are present on the input. 
Not all applications require a zero adjust cir- 
cuit since the untrimmed zero scale is typi- 
cally less than 5mV. Excess stray capacitance 
at the sum node of the output op amp may 
necessitate the use of a feedback capacitor 
from Voyt to the sum node (Cr) to insure sta- 
bility of the op amp. Typical values of Crp 
range from 15 to 22pF. The rated load of the 
op amp is ~ 2Kohm. For stability, the load 
Capacitance should be minimized (50pF 
max). 


REFERENCE ADJUST CIRCUIT 


Vref Out 


Vrer ADU 


Figure 3 


R - 2R LADDER NETWORK DEVELOPS A SCALED REFERENCE CURRENT 


VALUE INTO THE DAC SWITCHING NETWORK 


lREF 
—_————— 


5K 
REF KK 
(14) yO . 
K 2 5K 
BIPOLAR 
(15) O 
OFFSET 
* DAC 
COMP O 
(16) 
NOTE 


lout | | 


DAC SWITCHES 


(17) 


cc 


DAC compensation may be required if Voc, resistance exceeds 10K ohm. 
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MODES OF OPERATION OF THE 
NE5018 


The NE5018 has two basic modes of oper- 
ation: unipolar and bipolar. When operating in 
the unipolar mode the output range is 0 to 
+ 10 volts. To change from unipolar to bipolar 
operation the bipolar offset pin is connected 
to the summing node. This provides the 5 volt 
Offset required for this mode of operation. The 
output now will have a range from —5 to +5 
volts. Figure 6 details the connection of the 
NE5018 in the bipolar mode of operation. 


With the bipolar offset pin (15) connected to 
the sum node pin (20), it forms a unity gain 
inverter with an input of + Vaee The bipolar 
offset develops an Iper current through the 
internal 5K resistor. This current is then fed to 
the sum node of the output amplifier where it 
is summed with the current output of the DAC 
ladder network. Assume for the moment that 
the current output of the ladder network is 
OmA. With a Vag equal to +5 volts, Iper is 
1mA and the output of the op amp is con- 
verted to — 5V. If the DAC switches are now 
set to full scale, the current from the DAC lad- 
der is 2mA. This is summed against the 1mA 
ler and causes the output of the op amp to 
swing from —5V to +5 volts. 


(Ipac - REF) SK = (2mA - 1mA) 5K = +5 volts 


Since the bipolar offset resistor is monolith- 
ic, tracking with the 5K feedback resistor of 
the output amplifier is excellent. 


Note that the bipolar offset pin could not be 
used when using the DAC in a multiplier ap- 
plication since the VourT would reflect an 
inverted input signal. 


NOTES ON THE NE5118 CURRENT 
OUTPUT DAC 


The basic operation of the NE5118 current 
output DAC is the same as the NE5018. The 
current output structure allows the user to 
provide a programmable current sink (loyr 
max of 2mA). Several jumper options provide 
a variety of operational modes. Figure 7 is a 
block diagram of the NE5118. The input logic 
and Vprer portions are identical to the 
NFE5O18. 


REFERENCE INPUT AMPLIFIER 


The characteristics of the reference input 
amplifier are identical to the NE5018; how- 
ever, extended versatility of the input struc- 
ture allows for both current (via pin 14) or 
voitage (via pin 15) reference inputs. 


The maximum DAC output current is 2mA. 
The DAC has an internal gain of 2, limiting 
the maximum usable input current to 1mA. 
(Note: The absolute maximum input current 
should be limited to 5mA to prevent damage 


DAC 
<— CURRENT OUTPUT 


ZERO SCALE OFFSET 


(OPTIONAL) 


| 

{ 

| 
te 
T 

| 

| 

| 


(18) | Cpe 


Figure 5 


BIPOLAR OUTPUT 


5K 


Iner 


JUMPER FOR ( 
BIPOLAR OPERATION \ 


BIPOLAR 
“ OFFSET (15) 


uM 
NODE (20) 


Ip ‘DAC 
<— CURRENT 
FROM 
CURRENT 
SWITCHES 


To R-2R Ladder 


>= Veo 


+—(Ip - lper) 
5K 


Vout 


Output 
Amp 


Figure 6 


to the input reference amplifier). Figure 8 
shows the basic operating mode of the 
NE5118 using an external current reference 
resistor (R,) and a positive reference voltage. 


This voltage can be provided by either an 
internal or external reference voltage. Figure 
9 shows a typical connection using a voltage 
input directly via pin 15. 

Besides a reduced parts count, use of the 
internal Rrer provides excellent tracking 
characteristics with the Roy7 resistor (pin 20) 
when developing a high slew rate voltage out- 


put. The negative Vae- input must be 
returned to ground directly or through Ro. Re 
is optional and is used to cancel minor errors 
developed by the input bias currents of the 
reference amplifier (Rap=R,). A negative 
voltage can be the reference by using the 
~ Veer input pin as shown in Figure 10. 


The positive Vagf is returned to ground via 


Ryn (pin 15). As with the NE5018, a compen- 
sation capacitor on Pin 16 is not required if 
the Vrer is supplied by a low impedance 
source. 
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BLOCK DIAGRAM 


(12) VREF 
OUT 


Vv 
14 REF 
(11) apie 


(22) 
ANALOG © 
GND 


(15) REFR o 


(14) 


(17) 


All R values are equal 5k2 and are thermally matched. 
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DAC SWITCHES 


- LBRARME OR 


gf BLL 


Figure 7 


POSITIVE IneF 


External VpgF ———~<@ 


NOTE 
DAC compensation 


Figure 8 


OUTPUT STRUCTURE 


The output of the NE5118 is a current sink 
with a capacity of 2mA (full scale) capable 


of settling to .2% in 200ns. Internal bias and 


feedback resistors are also made available 
to ease the designer’s task of interfacing. 


Figure 11 shows the NE5118 using a current 
to voltage converter at the output to provide a 
high slew rate voltage output. Using the 
NE538 as shown can provide 60V/yus slew 
rate output. The diode at the inverting node of 
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IREF = VREF 
R4- 


the op amp improves the response time by 
preventing saturation of the op amp during 
large signal transitions. The feedback resistor 
Rout; (pin 20) is provided internally; this pro- 
vides excellent thermal tracking characteris- 
tics with the Rrer on the input. 


Bipolar operation can be accomplished by 
connecting the Vrer out (Pin 12) to the Royr 
resistor (Pin 20)(Figure 12). The principal is 
the same as the NE5018 bipolar operation. 
The internal resistors exhibit excellent ther- 
mal tracking characteristics. 


DIGITAL 
GND VLC 
O 


(18) 


© Routz 


O Rout 4(20) 


© loyr'2) 


An alternate method of bipolar output oper- 
ation is shown in Figure 12. The Rrer and 
Rout set up a Current to voltage converter 
while two (2) external resistors provide a bipo- 
lar offset. Rexy, and Reyr, should have simi- 
lar thermal tracking characteristics. 


The NE5118 can provide a voltage output 
directly when driving a high impedance load 
as shown in Figure13. With a full scale current 
of 2mA, pin 20 tied to +10V and a digital 
input of zero, the high impedance load will 
see +10V. For a full scale digital input, the 
load will see 0 volts. Since the load and the 
internal resistor form a voltage divider, their 
ratio determines full scale accuracy. 


By connecting the Royr resistor (pin 20) to 
ground (Figure13), the output voltage seen by 
the load ranges from 0 volts as zero scale to 
~ 10 volts as full scale. Only a few of the 
many possible output configurations have 
been shown to demonstrate the NE5118 
flexibility. 


CIRCUIT EXAMPLES 


Now that the basics of the NE5018 and the 
NE5118 have been discussed, let’s examine 
some specific circuits. Figure 14 is a micro- 
processor controlled programmable gain 
amplifier, using the NE5018. The Veer output 
is fed to the non-inverting input to a differen- 


tial amplifier. R, + Rp set the differential gain 
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to 0.5. This places 2.5V DC bias on the Vper 
input. Rz can be made adjustable to precisely 
control the DC reference input. The analog 
input is fed to the inverting input of the dif- 
ferential amplifier with a gain of unity. An 
input of + 2V will provide a +4 volt output full 
scale. With a maximum input of +2 volts. 
Vaer IN will vary from .5 volts to 4.5 volts. The 
current ladder is always kept in the linear 
operating range and the output will not 
become distorted. 


No compensation is required for the DAC 
reference amplifier since the Vper iy is fed 
from a low impedance source. With a com- 
pensation cap of 30pF on the output amplifier, 
the frequency response of the output is linear 
to at least 20kHz with less than .1% distortion 
with an input amplitude of 1V p.p. The 
NE5018 is seen by the » processor as an I/O 
device. 


In Figure 15, the N5018 and NE5118 provide 
a method of summing two digital words of 
equal weight and generating a voltage output. 
The latch enable feature of both devices 
direct connection to a data bus, using 
address decoding. These devices greatly 
reduced the total component count required 
to perform this operation. 


The reference voltage is common to both 
DAC’s, being provided by the NE5018. The 
bipolar offset resistor of the NE5018 pro- 
vides the 1mA current reference for the 
NE5118. Using the internal resistor of the 
NE50 18 to develop the reference current en- 
hances the thermal tracking since the cur- 
rent to voltage resistor of the output op amp 
is also in the NE5018. Both DAC's can be 
addressed by a uprocessor using an ad- 
dress decoder to select DAC A or DAC B. 


Figure 16 is a schematic of the NE5118 and 
NE527 as a high speed programmable limit 
sensor (or A/D converter). A 4.8 volt zener 
diode is used on the comparator input to 
insure the input voltage range of the com- 
parator is not exceeded. The outputs of the 
NE527 comparator are complementary, eas- 
ing the logic interface requirement. If the 
strobe function is not used, the strobe inputs 
should be tied high, through a 10KQ resistor. 


————© EXTERNAL 


POSITIVE Vrer 
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REF = -VREF 
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Figure 10 
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+Vec 


Figure 11 
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Figure 13 


PROGRAMMABLE GAIN AMPLIFIER 


DATA BUS 


1/0 DECODE \| 
LE! 10 ' > ANALOG 
Vrcr {13 NE5018 Rane 
OuT 114 17 22 19 
R 


ANALOG 
INPUT 
~ 15 to DAC - 535 


- 15 to DAC ~ 535 


Figure 14 
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LED DECODER DRIVER 
NE587 and 589 


The NE587 and 589 are latchable decoder 
drivers for L.E.D. displays. Figure 1 provides 
a summary of their features. 


The programmable constant current supplies 
(fixed or adjustable) are essentially indepen- 
dent of output voltage, power supply voltage, 
and temperature. 


The data (BCD) and LE (latch enable) inputs 
are low loading and thus are compatible with 
a data bus system. 


Figure 2 shows a block diagram of the 
NE587. Seven segment decoding is imple- 
mented using a ROM so that alternate decod- 
ing fonts can be made available. 


L.E.D. Drivers and Power Dissipa- 
tion Consideration 


The following discussion refers to the NE587, 
but is also applicable for the 589. 


LED displays are power hungry devices, 
and, inevitably, somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
-way of improving display efficiency, pro- 


CURRENT 


REFERENCE {REF BUS 


VOLTAGE 
REFERENCE Jf 


RIPPLE 


ce OS 
o BLANKING 
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CURRENT 
SOURCE 


NE 587/589 LED DRIVERS 


Strobed Latch 
Inputs compatible with NMOS, CMOS, 


DMOS, TTL 
Single 5 volt supply 
Constant Current Outputs 


¢ Inputs are compatible with micropro- 
cessor bus 

e BCD Inputs—Hexadecimal Outputs 

¢ Programmable segment current 


Figure 1 


vided that the LEDs are not driven too far 
into saturation, but the improvement is mar- 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from seg- 
ment-to-segment and digit-to-digit. 


When designing a display system, particular 
care must be taken to minimize power dissi- 
pation within the IC display driver. Since the 
NE587 output is a constant programmed cur- 
rent source, all the remaining supply voltage, 
which Is not dropped across the LED (and the 
digit driver, if used) will appear across the out- 
put of the NE587. Thus the power dissipation 


in the NE587 will go up sharply if the display - 


power supply voltage rises. Clearly, then, it is 
good design practice to keep the display sup- 
ply voltage as low as possible consistent with 
proper operation of the output current 
sources. Inserting a resistor or diode in series 


NE587/589 
LED DRIVERS 
BLOCK DIAGRAM 


CURRENT 
SOURCE 


DECODER 


Figure 2 


with the display supply is a good way of 
reducing the power dissipation within the inte- 
grated circuit segment driver, although, of 
course, total system power remains the same. 


Power dissipation within the NE587 may be 
calculated as follows. Referring to Figure 3, 
the two system power supplies are Vcc and 
Vs. In many cases, these will be the same 
voltage. Necessary parameters are: 


¢ Voc Supply voltage to driver 
* Vs Supply voitage to display 

* Icc Quiescent supply current of driver 
LED segment current 

LED segment forward voltage at Iseg 
% Duty cycle 


* IseG 


r Ve 
° Koc 


Ve, the forward LED drop, depends upon 
the type of LED material (hence the color) 
and the forward current. The actual forward 
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TYPICAL APPLICATIONS 


o DRIVING A SINGLE DIGIT 


NOTE = 
Decoupling capacitor on Vcc should be 0.01yuF ceramic 


Figure 3 


voltage drops should be obtained from the 
LED display manufacturers literature forthe 
peak segment current selected. However, 
approximate voltages at nominal rated cur- 
rents are: 


Red 1.6 to 2.0V 
Orange 2.0 to 2.5V 
Yellow 2.2 to 3.5V 
Green 2.5 to 3.5V 


These voltages are all for single diode dis- 
plays. Some early red displays had 2 series 
LEDs per segment, hence the forward volt- 
age drop was around 3.5V. 


Thus a maximum power dissipation calcula- 
tion when all segments are on, Is: 


Pa=Voc x loc + (Vs - Ve) x 7X Iseg X Koc mw 


(1) 


Assuming Vs = Vcc = 5.25V 
Ve = 2.0V 
Koc = 100% 
Iseg = 30MA 


Pd max = 5.25x50+3.25 x 7x 30 mW 
= 945 mW 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 


Pg av = 5.0 X 30+ 3.00 X 5 X 25 mW 
= 525 mW 


Operating temperature range limitations can 
be deduced from the power dissipation graph 
in Figure 4. 


However, a major portion of this power 
dissipation (Pa max) is because the current 
source output is operating with 3.25V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the 
integrated circuit. 


Suppose the worst case Voc/Vs supply is 
4.75 to 5.25V, and that the maximum V- for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Voc to Vs. The value of this 
resistor is calculated by using equation 2. 


VpropP 
Rs = 
lseg X # Of seg 


Or 2.0 


Rs = = 100) (1/2 W rating) 
7 X Iseg 


assuming worst case Iseg of 30mMA 
Hence now: 


Pa max = Vec X lec + (Vs - Vv - Rx X 7X 
Iseg) x7xX lseg xX Koc 
= 5.25 x 50 + 1.25 x 7 XK 830mW 
= 525mW (3) 
and Py ay = 5.0 X 30+ 1.25 X 5 X 25 
= 306mMW 


MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 


Figure 4 


If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of “ON” segments and will be 
equal to 


Vs -Ve-nVa , Vp = 0.8V 


Where n is the number of diodes used, and 
SO power dissipation can be calculated in a 
similar manner. 


In a multiplexed display system, the voltage 
drop across the digit driver must also be con- 
sidered in computing device power dis- 
sipation. It may even be an advantage to use 
a digit driver which drops an appreciable 
voltage, rather than the saturating PNP tran- 
sistors shown in Figure 5. For exampie a 
Darlington PNP or NPN emitter follower may 
be preferable. Figure 6 shows the NE591 as 
the digit driver in a multiplexed display sys- 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrated 
circuits. 


Where Vs and Vcc are two different sup- 
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs 
supply is totally unnecessary, and so this 
supply can be made much cheaper than the 
regulated 5V supply used in the rest of the 
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system. In fact a simple unsmoothed full- 
wave rectified sine wave works extremely well 
if a slight loss in brightness can be tolerated. 
A transformer voltage of about 3-4.5Vrms 
works well in most LED display systems. 
Waveforms are shown in Figure 7. 


The duty cycle for this system depends 
upon Vs, Ve and the output characteristics 
of the display driver. 


With 
Vs = 4.9V pk. 
Ve = 2.0V 


The duty cycle is approximately 60%. 


Vg in this example was derived by the circuit 
shown in Figure 7. Remember that the 
forward voltage drop of the rectifying diode 
must be subtracted to arrive at the exact peak 
of the Vs voltage. 


Figure 8 shows other typical application 
schemes for multiplexing LED diplays. 


INTERFACING 8-DIGIT LED DISPLAY 
WITH uP BUS 


DATA BUS 


ADDRESS BUS 


Figure 6 


ADDRESSABLE PERIPHERAL 
DRIVERS SUPPORT 
uP-BASED SYSTEMS 


The Signetics NE590 and NE591 address- 
able peripheral drivers (APDs) greatly facili- 
tate interfacing a variety of support circuits 
to microprocessor based systems. 


The APDs are designed to eliminate the 
need for many of the buffers, latches, TTL 
ICs, and discrete transistors currently 
needed to drive peripheral devices. 


Figure 9 shows that each driver includes a set 
of input latches, a 1-of-8 demultiplexer, and a 
set of high current drive outputs together with 
the assorted chip enable and clear logic. 


The low loading inputs of these drivers 
(typically lit = 15uA and iH = 1uA) allow 
direct interfacing to the uP-bus. Eight ad- 
dressable latches, which are addressed bya 
three bit binary code and (set/reset) by a 
single binary bit, allow storage of each 
output condition (ON/OFF), allowing the uP 
to continue processing after the APD has 
been addressed. 
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Figure 7 


4.0 Vim GIVES A PEAK VALUE 
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Driver selection is accomplished with a low 
4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL active chip enable which may be derived 


oe AND LEADING EDGE RIPPLE BLANKING. | from the !/O decoder common to all I/O 
ae aa | devices. A low active master clear is also 

Vec O provided to reset all outputs simultaneous- 
ly. This signal may be generated from the 

1/O decoder or set high when not required. 


The high-current outputs of the drivers 
(250mA sinking with the NE590 and 250mA 
sourcing with the NE591) allows direct inter- 
facing to relays, motors, lamps, LED’s, and 
other devices or systems requiring high 
current drive capabilities. 


Figure 10 demonstrates the use of APD’s ina 
uP-based system. When driving LED dis- 
plays, a single 8-bit word contains all the data 
required for defining both digit location and 
segment selection. The APD uses four bits— 


03 0 
D2 O three to address one of 8 outputs and one to 
a : set the output to an ON or OFF state. 


When using he NES590, ON refers to the out- 
put low state in which the output is 


Ao O——4_—oiGIT 
A, DECODE 


LE O BRIGHTNESS CONTROL © 
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AOORESS BUS 


BUS DRIVER 


BIDIRECTIONAL 
BUS DRIVER 


DATA BUS 


MICROPRO- 


CESSOR 


capable of sinking a maximum of 250mA. 
The clear (CL) pin may be tied high and 
would normally not be required in this appli- 
cation. 


The four remaining data bits are required by 
the NE589 which supplies segment data. 
These four BCD data bits are converted into 
seven-segment data used for driving the 
anodes of the LED's. Data is strobed into the 
latches by the LATCH ENABLE INPUT at 
the same time that information is being sup- 
plied to the NE590. Since the NE589 pro- 
vides a constant current source, uniform 
brightness is obtained from each segment 
in the display. The NE589 is capable of 


CONTROL BUS 


MICROPROCESSOR BASED SYSTEM 


ADORESS BUS 


DATA BUS 


0 Ct, 
DECODER 
CE, 
DIGIT 
DRIVER 
SEGMENT 
DRIVER 
Rp 
Figure 10 


supplying up to 50 mA/segment. Segment 
Currents are set by a single programming 
resistor. 


Figure 10 shows several devices connected to 
the NE591: a relay, a motor, and a D-C sub- 
system. Each device is selected in the same 
manner as the LED digits: that is, three bits 
are used to select the output and one bit is 
used to turn the output ON or OFF. 


An output may be cieared in one of two 
ways: 


1) By direct selection and clearing of the 
individual latch, 
or 


V=1.3V 


GS —SsNES90 


<pomo 
vmOAOSE 


ZMAW<HACH 


2) By clearing all outputs through the use 
of the clear input. 


The latter method does not require address- 
ing. 


The examples shown in Figure 10 clearly 
demonstrate the advantages that can be 
derived from using the NE590 and NE591 
APDs in microprocessor-based systems. 
These devices provide easy interfacing and 
minimize the number of interfacing compo- 
nents; they also provide the logic interface to 
the microprocessor and the switch function 
and high-current drive required by the 
peripheral units. ees 
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LINE DRIVERS AND RECEIVERS 


Many types of line drivers and receivers are 
available today. Each device has been de- 
signed to meet specific criteria. For instance, 
the device may be extremely wide band or be 
intended for use in party line systems. Some 
include built in hysteresis in the receiver while 
others do not. 


The EIA Standard 


The Electronic Industries Association has 
produced a set of specifications dealing with 
the transmission of data between data ter- 
minal and communications equipment. This 
is EIA Standard RS-232-C and delineates 
much information about signal levels and 
hardware configurations in data systems. 


MC1488/1489 


As line driver and receiver the MC1488 and 
MC1489 meet or exceed the RS-232 
specification. 


Standard RS-232 defines the voltage level as 
being from 5 to 15 volts with positive voltage 
representing a logic 0. The MC 1488 meets 
these requirements when loaded with resis- 
tors from 3k to 7k ohms. 


Output slew rates are limited by RS-232 to 30 
volts per microsecond. To accomplish this 
specification the MC 1488 is loaded at its out- 
put by capacitance as shown by the typical 
hookup diagram of Figure 1. A graph of slew 
rate vs Output capacitance is given in Figure 
2. For the standard 30V/us a capacitance of 
400pF is selected. 
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The short circuit current charges the capaci- 
tance with the relationship. 


IgoAT 
C= “IV- 


Where C is the required capacitor, Iso is the 
short circuit current value, and AV/AT is the 
slew rate. 


Using the worst case output short circuit cur- 
rent of 12mA in the above equation, calcula- 
tions result in a required capacitor of 400pF 
connected to each output to limit the output 
slew rate to 30V/us in accordance with the 
EIA standard. 


The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus the 
MC 1488 is designed such that the output will 
withstand shorts to other conductors indefini- 
tely even if these conductors are at worst 


case voitage levels. In addition to output pro- 


tection, the MC1488 includes a 300 ohm 
resistor to ensure that the output impedance 
of the driver will be at least 300 ohms even if 
the power supply is turned off. In cases where 
power supply malfunction produces a low 
impedance to ground, the 300 ohm resistors 
are shorted to ground also. Output shorts 
then can cause excessive power dissipation. 
To prevent this, series diodes should be 
included in both supply lines as pictured in 
Figure 3. 


The companion receiver, MC1489, is also 
designed to meet RS-232 specifications for 
receivers. It must detect a voltage from +3 to 
+25 volts as logic signals but cannot 
generate an input differential voltage of grea- 


ter than 2 volts should its inputs become 
open circuited. Noise and spurious signals 
are rejected by incorporating positive feed- 
back internally to produce hysteresis. 
Featured also in the receiver is an external 
response node so that the threshold may be 
externally varied to fit the application. Figure 
4 shows the shift in high and low trip points as 
a function of the programming resistance. 


APPLICATIONS 


The design of the MC1488 and MC1489 
makes them very versatile with many possi- 
ble applications. The MC1488 output current 
limiting enables the user to define the output 
voltage levels independent of supply 
voltages. Figure 5 shows the MC1488 as a 
TTL to MOS Translator, while Figures 6 and 7 
illustrate TTL to HTL and TTL to MOS 
Transtlator. 


The MC1489 response control node allows 
the user to modify the input threshold voltage 
levels. This is accomplished by adding a 
resistor between the response control pin 
and an external power supply. Figure 4 shows 
the shift thus provided. This feature and the 
fact that the inputs are designed to withstand 
+30 volts permit the use of the MC1489 for 
level translation as shown in the MOS to TTL 
translator of Figure 8. This feature is also 
useful for level shifting, as illustrated in 
Figure 9. 


The response control node can also be used 
to filter out high frequency, high energy noise 
pulses. Figures 10 and 11 give typical noise 
pulse rejection curves for various sized 
external capacitors. 
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COMPARATORS 


Voltage compartors are high gain differential 
input—logic output devices. They are specifi- 
cally designed for open loop operation with a 
minimum of delay time. Although variations of 
the comparator are used in a host of applica- 
tions, all uses depend upon the basic transfer 
function of Figure 1. As shown, device opera- 
tion is simply a change of output voltage 
dependent upon whether the signal input is 
above or below the threshold input. The 
threshold in this example is 0 volts. 


Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example the circuit of Figure 2 
produces a logic 1 level when the non- 
inverting input is more positive than the 
reference voltage. 


DEFINITIONS 


Many similarities exist between operational 
amplifiers and the amplifier section of voltage 
comparators. In fact op amps can be used to 
implement the comparator function at low fre- 
quencies. 


Thus, the characteristic definitions presented 
here are similar to those reveiwed for op 
amps. 


input Offset Voltage 


As with operational amplifiers, the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the output 
structure of comparators is digital rather than 
linear. Hence, input offset voltage is defined 
for comparators as the dc voltage required at 
the input to force the output to the logic 
threshold of ensuing devices (1.2 volts for 
TTL). 


input Offset Current 


Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential input amplifier. As for op 
amps, the imbalance is referred to as input 
offset current. 


Bias Current 


As with op amps the input structure of com- 
parators is usually a differential bipolar stage. 
Input bias current is the average of the two 
input currents. 


Common Mode Range 


When specifying voltage comparators one of 
the key parameters is common mode range, 
which is defined as the range of voltages over 
which both inputs can be varied simulta- 
neously without abnormal output voltage tran- 
sitions or device degradation. This parameter 


must be kept uppermost in the designer’s 
mind because the reference and _ signal 
voltages become common mode signals at 
threshold. All ranges of input signals thus 
must be within the common mode range of 
the input amplifier. 


Voltage Gain 


Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs in the amplifier section. 


In general, higher gains would be advanta- 
geous for resolving smaller input signals. Of 
course, the propagation delay suffers due to 
the more severe saturation of the transistors. 
Typical gains for TTL output devices are set 
for 5000 volts per volt. This gain provides 5 
velts of output swing with 1mV input signal 
change for reasonable accuracy but does not 
contribute severely to the overload recovery 
delay. 


Propagation Delay 


Voltage comparisons of analog signals with a 
reference voltage usually require that the 
operation take as little time as possible. Long 
delays in the comparator cause a pulse posi- 
tion error at the output since the analog signal 
in the meantime has changed value. At low 
frequencies the delay is of smail conse- 
quence but, at higher frequencies, transit 
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time becomes intolerable. Design of voltage 
comparator devices includes, as a prime 
goal, the minimizing of transit times. 


Propagation delay testing is done under worst 
case conditions. The recovery from saturation 
varies depending upon the initial state of the 
amplifier and the overdrive. Worst case condi- 
tions begin by applying a 100mV signal on the 
reference terminal. With no signal applied the 
amplifier is in saturation in one direction. A 
step input pulse on the signai line of 
100MV + Vos will bring the amplifier to a 
threshold level. Propagation delay at this 
point is undefined since the output has not 
switched. 


To attain output switching a small overdrive is 
necessary. Propagation delay is tested in a 
configuration such as Figure 3. The input is a 
step function of 100mV plus a specified 
excess or overdrive signal. This causes the 
amplifier to be exercised from saturation in 
one direction to saturation in the other for 
worst case propagation delay. Note that 
larger overdrive reduces delay time as can be 
seen in Figure 4. An overdrive of 5mV causes 
12ns delay, whereas a 100mV overdrive 
improves transit time to only 6ns. 
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If the measurement were made without initial 
saturation (less than 100mV V threshold) the 
delay time would be less, due to the 
decreased Bicleae times of unsaturated tran- 
sistors. 


STATE-OF-THE-ART 

Comparator design has aiways been opti- 
mized for four basic parameters. They are: 
1. High Speed 

2. Wide Input Voltage Range 

3. Low Input Current . 

4. Good Resolution 


Unfortunately these four parameters are not 
compatible. For instance gain and input cur- 
rent can be improved by using thinner diffu- 
sions for higher beta, but only at the expense 
of input voltage range. Higher gain also 
means higher saturation for an increase in 
delay time. So it becomes obvious that older 
comparators such as the 710 were designed 
with the best compromises in mind using 
standard processing. 


One method of improving overail response 
adds gold doping to the processing flow. The 
gold dopant causes a decrease in minority 
carrier lifetime which aids the recombination 
process and shortens the saturation recovery 
time. Unfortunately, the transistor beta is 
adversely affected by gold causing slightly 
higher bias and offset currents. 


It was not until advent of the Schottky clamp 
that a vast improvement in speed without 
input degradation was possible. A very fami- 
liar term in the semiconductor industry, the 
Schottky barrier diode’s (SBD) location is 
illustrated in Figure 5. 


The Schottky clamped transistor is formed 
by parallelling the Schottky diode with the 
base-collector junction of the npn transis- 
tor. Without the clamp, as base drive is 
increased the collector voltage falls until 
hard saturation occurs. At this point the 
collector voltage is very near the emitter 
voltage, and stored charges in the junctions 
causes slow recovery from saturation after 
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Figure 5 
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base drive has been removed. The forward 
voltage drop of the Schottky diode is 0.4 
volts—less than the forward drop of silicon 
diodes. This difference in forward drop is 
used by placing the diode across the tran- 
sistor base-collector junction. The Schottky 
diode becomes forward biased when the 
collector voltage falls 0.4 volts below the 
base voltage. Excess base drive is then 
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shunted into the collector circuit prohibit- 
ing the transistor from reaching classic 
saturation. With almost no stored charge in 
either the SBD or the transistor, there is a 
large reduction in storage time. Thus, tran- 
sistor switching time is significantly re- 
duced. 


A cross sectional area of the Schottky diode 
is shown in Figure 6. 


Benefits 


Dual, very fast, standard | 
| supplies, TTL compatible, | 
| individual & common strobe. 


Same as NE521 plus open 
collector outputs for addi- 
tional decoding. 


Fast, very low input current, 
| differential outputs, flexible 
surplus wide common mode 
| range. 


range, +5Vto + 15V supply, 
strobe input, open collector 
output. 


Low input bias, dual, + 5V to 
+ 15V supply, open collector 
output. 


High common mode input | 
range, low input bias, quad, 
+5V to +15V supply, open 
collector output. 


Same as LM339 but dual. ; 


BV 


Figure 7 


NOTE Parameters are based on min/max limits at 25°C as defined in the individual data sheet. 


LINEAR LS] PRODUCTS 


APPLICATIONS FOR THE NES21/522/527/529 


AN116 


COMPARING THE 
COMPARATORS 


Presently available comparator ICs range 
from the ultra fast SE/NE521 to the general 
purpose comparator fashioned from an in- 
expensive op amp. Selection of the device 
depends upon the application in which it will 
be used. Speed of conversion is often of pri- 
mary importance to minimize pulse position 
errors of high frequency signals. At other 
times the requirements are much less 
stringent allowing the use of a general pur- 
pose comparator. 


A handy reference guide to the major pa- 
rameters is summarized in Figure 7. The 
necessary parameters can be chosen to 
select the proper device. 


A general description of the comparator 
devices is included here to familiarize the 
user with available devices and their advan- 
tages. 


SE/NE521/522 Comparators 
Processed with state-of-the-art Schottky bar- 
rier diodes, the NE521/522 series’ devices 
provide good input characteristics while pro- 
viding the fastest analog to TTL conversion to 
date. Total delay from input to output is typi- 
cally 6ns with a guaranteed speed of 12ns. 
Additional features of this device include the 
dual configuration and individual output 
strobes to simplify system logic. The NE522, 
although sacrificing some speed, features 
open collector outputs for party line or wired- 
OR configurations for additional system flex- 
ibility. 


NE/SE527 Comparator 


Featuring darlington inputs for very low bias 
current, the NE527 is generically related to 
the NE529 comparator. Emitter follower 
inputs to the differential amplifier are used to 
trade better input parameters for slightly less 
speed. As Figure 7 shows, a factor of 10 
improvement in Ipias is gained with a propa- 
gation delay increase of only 4ns maximum. 


NE529 Comparator 

The NE529 is manufactured using Schottky 
technology. Although a few nano seconds slo- 
wer than the NE521, the NE529 features 
variable supplies from +5 to + 10 volts witha 
high common mode range of +6 volts. Both 
the NE527 and NE529 Schottky comparators 
boast complimentary logic outputs with out- 
put A being in phase with input A. In addition, 
the supplies of both the NE527 and NE529 
may be non-symmetrical to produce a desired 
shift in the common mode range. 


This technique is illustrated by the ECL to 
TTL and TTL to ECL transistor of Figures 17 
and 18 respectively. The only major require- 


ment of the supplies is that the negative sup- 
ply be at least 5 volts more negative than the 
ground terminal of the gate. This is necessary 
to insure that the internal bias arrangement 
has sufficient voltage to operate normaily. 


APPLICATIONS 


Today’s state-of-the-art ultra-high speed 
comparators are capable of making logic 
decisions in less than 10 nano seconds. 
They are easily applied and possess good 
input and power supply noise rejection. As 
with all linear ICs however, some prelimi- 
nary steps should be taken in their use. 


General Precautions 


Layout 


The comparator is capable of resolving sub- 
millivolt signals. To prevent unwanted signals 
from appearing at signal ports, good physical 
layout is required. For any high speed design, 
ground planes should be used to guard 
against ground loops and other sources of 
spurious signals. At high frequencies hidden 
signal paths become dominant. Distributed 
Capacitance is a particular nuisance. If care is 
not taken to isolate output from input, distri- 
buted capacitance can couple a few millivolts 
into the input, causing oscillation. 


Another source of spurious signals is ground 
current. Input structures are relatively high 
impedance while the gate structures of com- 
parators run with large signal and ground cur- 
rents. If this gate ground current is allowed to 
pass near the input signal path, the smail 
impedances of the ground circuit will cause 
millivolt changes in reference or signal 
voltages producing errors, sustained oscilla- 
tion, ringing, or excessive Vog. A ground 
plane arranged such that output currents do 
not flow near input areas is highly 
recommended. 


Power Supplies 


Another general precaution that should 
always be execised is power supply by- 
passing. As mentioned the name of the game 
is speed. Very high speed gates are used to 
produce the desired output logic levels. Max- 
imizing response speed also requires higher 
current levels, giving rise to power supply 
noise. For this reason, good power supply by- 
passing very close to the device itself is 
always mandatory. A tantalum capacitor of 1 
to 10uF in parallel with 500 to 1000pF will 
prove effective in most cases. Lead lengths 
should be as short as physically possible to 
preserve low impedances at high frequency. 


Unused Inputs 


Some currently available comparators such 
as the NE521 and NE522 are dual devices. 
Most often both sections of these devices 


will be utilized. Should a system utilize one 
device, the unused inputs should be biased 
in a known condition. The high gain- 
bandwidth may otherwise cause oscilla- 
tions in the unused comparator section. A 
low impedance should be provided from 
both unused inputs to ground. A resistor of 
relatively high impedance may then be used 
to supply a differentia! input on the order of 
100mV to insure the comparator assumes a 
known State. 


If the inverting input is tied to the positive 
differential voltage the gate output will be 
low. The strobe inputs then provide a means 
of utilizing the Schottky gate for other sys- 
tem logic functions. 


If the strobe inputs are not used, they should 
be connected to the output of a logic gate that 
is always high, or to the +5 volt supply 
through a 5 to 10 K-ohm resistor. They should 
never be tied directly to the +5 volt supply as 
the relatively minor spiking on the supply may 
damage these inputs. 


Comrnon Mode Signals 


Manufacturers specify the maximum voltage 
range over which the inputs may be taken. In 
addition the maximum differential voltage that 
may be safely applied to the inputs is speci- 
fied. In the case of the NE529 comparator the 
differential voltage is restricted to less than 
+5 volts, with a common mode of +6 volts. 
That these two quantities interact cannot be 
overlooked. For instance, with both inputs at 
+4 volts the common mode restriction is 
satisfied. If V,o¢ is now left at +4 volts the 
signal input may not be taken more than 1 volt 
below ground because the differential signal 
becomes 5 volts. 


it is important to observe this maximum 
rating since exceeding the ¢'fierential input 
voltage limit and drawing excessive current 
in breaking down the emitter-base junctions 
of the input transistors could cause gross 
degradation in the input offset current and 
bias current parameters. 


Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam- 
age through excessive current. However, 
even if the current is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can result. 


Input impedance 


The differential bias and offset currents of 
comparators are minimized by design. As 
was pointed out for op amps, the input 
resistance seen by both inputs should be 
equal. This reduces to a minimum the con- 
tribution of offset current to threshold error. 
Unbalanced input impedance also adds to 
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the offset error due to the difference in volt- 
age drop across the input resistances. 


BASIC APPLICATIONS 


The basic comparator circuit and its transfer 
function were presented by Figures 1 and 2. 


When the input exceeds the reference volt- 
age, the output switches either positive or 
negative, depending on how the inputs are 
connected. 


The vast majority of specific applications 
involve only the basic configuration with a 
change of reference voitage. A to D con- 
verters are realized by applying the signal to 
one terminal and the voltage derived froma 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuit. Both are only a small deviation from 
the basic level detector. 


Hysteresis 

Normally saturated high or low, the ampilifi- 
ers used in voltage comparators are seldom 
held in their threshold region. 


They possess high gain-bandwidth products 
and are. not compensated to preserve swit- 
ching speed. Therefore, if the compared 
voltages remain at or near the threshold for 
long periods of time, the comparator may 
oscillate or respond to noise pulses. For 
instance, this is a common problem with suc- 
cessive approximation D/A converters where 
the differential voltage seen by the compara- 
tor becomes successively smaller until noise 
signals cause indecision. To avoid this oscilla- 
tion in the linear range, hysteresis can be 
employed from output to input. Figure 8 
defines the arrangement. Both positive and 
negative feedback is provided by Ryy and F;. 


Hysteresis occurs because a small portion of 
the “one” level output voltage is fed back in 
phase and added to the input signal. This 
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feedback aids the signal in crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before switching can 
occur. The switching process is then assured 
and oscillations cannot occur. The threshold 
‘dead zone” created by this method, illustra- 
ted in Figure 9, prevents output chatter with 
signals having slow and erratic zero 
crossings. 


As shown in Figure 8, the voltage feedback is 
calculated from the expression: 


EouT e Rin 
Rin + Ry 


where Eoyr is the gate high output voltage. 
The hysteresis voltage is bounded by the 
common mode range and the ability of the 
gate to source the current required by the 
feedback network. If symmetrical hysteresis 
is desired an additional inverting gate is 
required if the comparator does not have dif- 
ferential outputs. The NE527 and NE529 
devices provide inverted signals from dif- 
ferential outputs while the NE521 and NE522 
devices will require the inverter. Care should 
be taken in the selection of the inverter that 
propagation delay is minimum, especially for 
very high speed comparators such as the 
NE521. 


VHYST = 


Line Receiver 

Retrieving signals which have been trans- 
mitted over long cables in the presence of 
high electrical noise is a perfect application 
for differential comparators. Such systems 
as automated production lines and large 
computer systems must transmit high fre- 
quency digital signals over long distances. 


If the twisted pair of the system is driven 
differentially from ground, the signals can 
be reclaimed easily via a differential line 
receiver. 
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Figure 9 


Since the electrical noise imposed upon a 
pair of wires takes the form of a common 
mode signal, the very high common mode 
rejection of the NE521/522 makes the unit 
ideal for differential line receivers. Figure 10 
depicts the simple schematic arrangement. 
The NE521 is used as a differential amplifier 
having a logic level output. Because common 
mode signals are rejected, noise on the cable 
disappears and only the desired differential 
signal remains. Figure 11 illustrates the 
NE521 response to the 200mV peak to peak 
10MHz differential signal. In Figure 12 the 
same signal has been buried in 5 volts peak 
to peak of 1HMz common mode “noise.” 


The circuit suffers no degradation of signal. If 
desired several NE522 comparators may be 
“wire OR’d,’ or latched output can be built as 
shown in Figure 10. 


The NE521 and NE529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. 


Double Ended Limit (Window) 
Detector 


Many system designs require that it be known 
when a signal level lies between two limits. 
This function is easily accomplished with a 
single NE522 package. The schematic and 
transfer curve of the circuit is shown in Figure 
13. | 


Each half of the NE522 is referenced to the 
desired upper or lower voltage limit producing 
the desired transfer curve shown. Taking 
advantage of the dual configuration and the 
open collectors of the NE522 minimize 
external components and connections. 


Crystal Oscillator 


Any device with a reasonable gain can be 
made to oscillate by applying positive feed- 
back in controlled amounts. The NE521 will 
lend itself to crystal control easily, provided 
the crystal is used in its fundamental mode. 


' Figure 14 shows a typical oscillator circuit. 


The crystal is operated in its series resonant 
mode, providing the necessary feedback 
through the capacitor to the input of the 
NE521. The resistor Raq; is used to control the 
amount of feedback for symmetry. Oscilla- 
tions will start whenever a circuit disturbance 
such as turning on the power supplies occurs. 
The NE521 will oscillate up to 7OMHz. 
However, crystals wth frequencies higher than 
about 20MHz are usually operated in one of 
their overtones. To build an oscillator for a 
specific overtone. requires tuned circuits in 
addition to the crystal to provide the neces- 
sary mode suppression. If the spurious 
modes are not tuned out the crystal will oscil- 
late at the fundamental frequency. Higher fre- 
quency oscillators could be realized using 
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input and output mode suppression or tuning. 
The NE522 is especially desirable since the 
open collector topology allows the output to 
be collector tuned readily. 


Analog to Digital Converter 


There are many types of A to D converter 
designs, each having its own merits. However, 
where speed of conversion is of prime 
interest the multi-threshold conversicn type is 
used exclusively. It is apparent from Figure 
15, that the conversion speed of this design is 
the sum of the delay through the comparator 
and the decoding gates. 


The sacrifices which must be made to ob- 
tain speed are the number of components, 
bit accuracy and cost. The number of com- 
parators needed for an N-bit converter is 2n- 
1. Although the NE521 provides two com- 
parators per package, the length of paralle! 
converters is usually timited to less than 4 
bits. Accuracy of multi-threshold A-D con- 
verters also suffers since the integrity of 
each bit is dependent upon comparator 
threshold accuracy. 


The implementation of a 3-bit parallel A-D 
converter is shown in Figure 16 with a 3-bit 
digital equivalent of an analog input shown in 
Figure 15. 


Reference voltages for each bit are devel- 
oped from a precision resistor ladder net- 
work. Values of R and 2R are chosen so that 
the threshold is one half of the least signifi- 
cant bit. This assures maximum accuracy of 
+1/2 bit. 


It is apparent from the schematic that the 
individual strobe line and duality features of 
the NE521 have greatly reduced the cost and 
complexity of the design. The speed of the 
converter is graphically illustrated by the 
photo of Figure 15. All 3-bit outputs have set- 
tled and are true a mere 15ns after the input 
step of 3 volts has arrived. The output is 
usually strobed into a register only after a cer- 
tain time has elapsed to insure that all data 
has arrived. 


Logic Interface 


During the design of the NE527 and NE529 
devices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, if the 
“ground” terminal is set at -5.2 volts and the 
other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5 volts and 
logic 0 willbe at -5.0 volts. With this freedom 
of power supply voltage, the user may ad- 
just the output swings to match the desired 
logic levels even if that logic is other than 
TTL levels. 
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ECL to TTL Interface 


Emitter coupled logic is very popular due to 
its speed. Systems are often built around 
standard TTL logic with those portions re- 
quiring higher speed being implemented 
with emitter coupled logic. As soon as such 
a decision is made the problem of interfac- 
ing TTL to ECL logic levels is encountered. 


INPUT 
1 V/cm 


HORIZ.5 ns/cm 


PARALLEL A-D RESPONSE 


Figure 15 


The standard logic output swings of ECL are 
-0.8V to - 1.8V at room temperature. Con- 
verting these signals to TTL levels is accom- 
plished simply by using the basic voltage 
comparator circuit with slight modifications. 
Figure 17 reveals that the power supplies 
have been shifted in order to shift the com- 
mon mode range more negative. This insures 


OUTPUT 
1V/em 


3-BIT PARALLEL. A-D CONVERTER 


(3 Vmax) 


20 
O (LSB) 


Figure 16 
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that the common mode range is not exceeded 
by the logic inputs. Since ECL is extremely 
fast the NE529 is usually selected because of 
its superior speed so that a minimum of time 
is lost in translation. 


TTL to ECL 

Operating in the reverse, TTL levels can also 
be converted to ECL levels by the NE529. 
Again the NE529 is selected as the fastest 
converter with the necessary power supply 
flexibility to accomplish the level shifting 
with a minimum of effort and cost. 


A check of output voltage for the NE529 
reveals that the voitage is slightly less than 
required by the ECL logic for fast switching 
R2 and the diode of Figure 18 raises the gate 
supply voltage and therefore the NE529 out- 
put voltage by 0.7 sufficient to guarantee fast 
switching of the translator. Resistive pull up 
from the NE529 output to Voc can also be 
used with the gate supply grounded. This 
method is dependent upon RC time constants 
of distributed capacitance and is the there- 
fore much slower. 


Photo Diode Detector 


Responding to the presence or absence of 
light, the photo diode increases or decreases 
the current through it. Detecting the changes 
becomes a matter of converting light and dark 
currents to voltage across a resistor as shown 
in Figure 19. R1 is selected to be large 
enough to generate detectable differences 
between light and dark conditions. Once the 
signal levels are defined by R1 and the diode 
characteristics, the average between light 
and dark signals is used for V reference and 
is produced by the resistive divider consisting 
of R1 and R2. The comparator then produces 
an output dependent upon the presence or 
absence of light upon the diode. 


SENSE AMPLIFIERS 


Closely related to the comparator is the sense 
amplifer. Signals derived from the many 
sources, such as transducers, are not of suffi- 
cient amplitude to be compatible with subse- 
quent logic. It then becomes necessary to 
amplify and convert the signal to TTL levels, 
which is the responsibility of the sense ampli- 
fier. 


Some transducers produce an output current. 
it remains, then, for the user to convert these 
currents to TTL levels. A terminating resistor 
from the drain to ground provides a voltage 
output proportional to the current and the 
resistor size. Larger signals can be produced 
by larger resistors; but in practice resistors 
larger than 1k ohm are avoided because of 
increasing access time. Distributed capacit- 
ance forms a time constant with this output 


resistance causing slow rise and fall times 
when the resistor is large, adding to the 
access time. 


Virtually any voltage comparator or sense 
amplifier can be used. Since total time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics com- 
parators NE521 and NE522 are ideal in this 
application because of low input offset 
voltages and very fast response. Using these 
Schottky clamped comparators signiticantly 
reduces the total cycle time of the memory. 


Design of the sense amplifier network 
depends upon the transducer used and the 
input characteristics of the sense amplifier. 
The significant specifications are given in 
Table 1. 


Consideration must first be given to the dif- 
ferential input voltage requirements of the 
sense amplifier The required reference 
voltage is calculated from the relationship: 


Vret < (14 — Ip) R1 — Vaitt 


Table 1 
IMPORTANT SENSE 
AMPLIFIER PARAMETERS 


SPEED (NS) 


TTL OUTPUTS 


Figure 17 


TTL TO ECL TRANSLATOR 


527/529 


Figure 18 
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PHOTO DIODE DETECTOR BALANCED SENSE LINE TO REDUCE NOISE 


+5V 


Figure 19 


Where |, is the transducer output current, Ip is 
sense amplifier bias current and V gig is mini- 
mum differential voltage to switch the sense 
amplifier. 


In large systems, noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns with 
sense lines as short as possible will help, but 
will not always be sufficient. One method of 
eliminating noise is to use a balance sense 
line as shown in Figure 20. 


A dummy line should be run parallel to the 
actual sense line in as close proximity as pos- 
sible. One end is connected to the sense 
amplifier at the V,.¢ point while the other end 
is left open. The normal sense line is con- 
nected as usual. Electrical noise imposed 
upon the pair of sense lines takes the form of 
a common mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen- 
tial signals at the sense amp causing the out- 
put to switch. 


DATA OUT 


Figure 20 
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INTRODUCTION 


An LVDT is an electromechanical trans- 
ducer which makes possible the measure- 
ment of very small motion in a structure or 
mechanical device. Mechanical motion is 
translated to an electrical signal which 
contains position information much as a 
radio frequency carrier contains sound in- 
formation. The position information from 
the LVDT is contained in the phase and 
amplitude of the output AC waveform. In 
order to remove the position information 
(demodulation), a system such as is 
shown in block form in Figure 1 must be 
used. Once signal demodulation is 
achieved the position data may be read 
Out on a meter or digital display in addi- 
tion to being processed by microproces- 
sor or computer. The Signetics NE5520 is 
a new Monolithic LVDT Driver-Demodu- 
lator designed to interface with most 
LVDT'’s presently being used in the in- 
dustry. 

Uses will range over a large number of 
potential applications including the accu- 
rate measurement of position, pressure, 
load weight. angular position and even ac- 
celeration. Historically, LVDT's have been 
used in the following applications: 


¢ Load cell 
Linear motion 
Torque cell 
Vibration 
Fluid pressure 
Accelerometer 
Inclinometer 
Seismic load cell 
MOTION MAY-BE 

e Linear 

¢ Rotary 


The NE5520 provides sinusoidal drive to 
the Linear Variable Differential Trans- 
former (LVDT), the output of which is buf- 
fered, rectified and phase demodulated to 
obtain both direction and displacement in- 
formation in the form of a DC output 
signal (Figure 2). 


LVDT LOADING 


Due to the loosely coupled characteristics 
of the typical LVDT, loading effects versus 
frequency may be critical to a successful 
design. The graph (Figure 3A) shows this 
relationship in the form of a family of 
Curves relative to LVDT core displacement 
for 400Hz and 2500Hz. From the curves it 
is obvious that the linearity and output 
level versus displacement is superior for 
an LVDT operated at 2500Hz with a very 
high impedance load (0.5 meg ohm). The 
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ALL PIN NUMBERS REFER TO N PACKAGE 


THE LVDT WITH SINEWAVE EXCITATION AND SYNCHRONOUS DEMODULATION 


SYNCHRONOUS 
DEMODULATOR 


CORE POSITION 


° rors ? DISPLACEMENT 
PRIMARY 


fo 


Figure 1 


LVDT SYSTEM TRANSFER FUNCTION 


Vout 


OUTPUT 


DISPLACEMENT 


SEC. 
pe 


ACTUATOR OC 


PRIMARY. 


INTERNAL LVDT 


Figure 2 


NE5520 demodulator presents a very high 
input impedance to the LVDT secondary 
for maximum linearity. (Fig. 3B) 


LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 


In order to obtain usable information from 
the LVOT a series of signal conditioning 
circuit Operations are required. First, a 
stable source of constant frequency ex- 


citation voltage must be applied to the 
primary of the LVDT. 


Next some form of demodulator is needed 
to extract position information from the 
LVDT secondary output signal. A full wave 
rectifier will provide usable amplitude in- 
formation when adequately filtered, how- 
ever, relative phase information is lacking. 
In order to obtain both phase and ampli- 
tude information synchronous demodula- 
tion is needed. This type of demodulator 
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OUTPUT CHARACTERISTICS OF A TYPICAL LVDT FOR VARIOUS LOADS 
AND EXCITATION FREQUENCIES 


NE5520 


OUTPUT VOLTS 


ttm, 
ud 
ne 
wah 
oz 
* oy 
St 
aw” 
m=O 
38 
o 


NOTE: INTERNAL BUFFER AMP PROVIDES HIGH IMPEDANCE LOAD TO SECONDARY. 


0.150 0.050 0 0.050 0.150 


CORE DISPLACEMENT INPUT 10 VOLTS ; 
Figure 3b 


BY PERMISSION SCHAEVITZ ENGINEERING 


“HANDBOOK OF MEASUREMENT AND CONTROL” BY HERCEG. 


Figure 3a 


exists in the Signetics NE5520. Once 
phase and amplitude information is ob- 
tained in the form of a polar full wave recti- 
fied signal (See Figure 3C) from the syn- 
chronous demodulator, the carrier compo- 
nent (actually 2nd harmonic of the carrier 
plus higher order spectral components) 
must be filtered out leaving only the true 
position information. This is accom- 
plished by passing the demodulated sig- 
nal through a low-pass active filter. An 
auxiliary operational amplifier is provided 
for this purpose within the NE5520, in ad- 
dition to adjustable signal gain for proper 
full scale output (Span adjustment). In ad- 
dition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary ampli- 
fier. The resulting system is a complete 
LVDT signal conditioner. Figure 4 shows a 
block diagram of the NES520. The device 
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CORE DISPLACEMENT 


DEMODULATOR 
OUTPUT 


WAVEFORM 


Figure 3c 


will operate in a single supply range from 
5 to 20 volts DC or with split supplies of 
+5to + 10 volts DC. A device current, Icc, 
of 10 milliamperes at an operating voltage 
of 10 voits is typical. ' 


DESCRIPTION OF THE NE5520 
(Figure 4) 


The NE5520 oscillator consists of a tri- 
angle wave generator, a current source- 
sink circuit which switches when the 
Capacitor voltage reaches discrete levels 
at 1/4 and 3/4 Voge. The total swing being 
Vref Volts p-p. The triangle wave is fed 
into a non-linear load which generates a 
sinusoidal waveform with low distortion. 
The sine wave output is then buffered by 
two op amps, the output of which appear 
on pins 9 and 10 in phase opposition. This 


then is the excitation signal for the LVDT 
primary. 

The second major functional portion of 
the NE5520 is the synchronous demodu- 
lator and this section performs full wave 
rectification in phase synchronism (pin 6) 
with the above oscillator output. In order 
to extract true position information, the 
phase relationship of the LVDT secondary 
must be obtained. This means that as the 
LVDT core passes through null an abrupt 
180° phase change occurs. Once full wave 
rectification is accomplished, the result- 
ing signal carrier frequency must be re- 
moved by filtering. Demodulator output 
appears on pin 5. This is accomplished by 
an active filter incorporating the auxiliary 
op amp (pins 1, 2, 3). The original position 
information then appears ripple free on 


pin 1 of the auxiliary amplifier. 
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DEMOD , 5 
OUT 
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NOTE: 
Pin numbers for for N oackage. 


Other functions include buffer amplifier 
feedback in the oscillator circuit. The loop 
is Closed with negative feedback around 
both amplifies (pin 10 to 11) operating at 
unity gain. 


The oscillator timing capacitor controls 
the frequency as shown in the graph, Fig- 
ure 5. The frequency is related by the 
equation fogo=110/C ¢ Absolute output 
frequency will vary slightly with supply 
voltage. 


BIASING THE REFERENCE 
Vrer (PIN 12) 


The manner in which the Va pin is biased 
will effect the output voltage function of 
the NE5520 and consideration must be 
given to this in order to arrive at an opti- 
mum system design. There are two basic 
modes of operation involved as listed 
below: 


BLOCK DIAGRAM 


Figure 4 


OSCILLATOR FREQUENCY vs 
CAPACITANCE 


= wae 


t— fy 
h ia ‘il 
iia. 


Figure 5 


1) Ratiometric 
2) Fixed Reference 


With the ratiometric mode, pin 12 (Vag) IS 
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11 
O FEEDBACK 


| 


a Vri4 VOLTS RMS 


4 
OLVCTIN 


6 
0 SYNC 


connected to pin 14 (+ V). Since Vp con- 
trols the DC common mode voltage of the 
demodulator and the oscillator rms out- 
put, these magnitudes will now change 
with supply voltage. The DC output from 
pin 1, using a single ground referenced 


supply, will be ratiometric with the supply - 


voltage and centered within the common 
mode range of the output amplifier when 
the LVDT transducer is at null. Single or 
dual supply operation will be ratiometric 
when +V is connected to Vp. 


The alternate method of biasing is the 
fixed reference mode with pin 12 (Vg) con- 
nected to a fixed reference voltage such 
as +10 voits and pin 14 (+ V) allowed to 
vary with an incoming poorly regulated 
supply. This might occur in automotive 
applications where battery voltage may 
vary from 10 to 14 volts. However, with a 
fixed reference driving Vg, DC voltage at 
the output will not vary with supply but 
will vary within the.common mode limits 
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of the amplifier as the LVDT core traverses 
its path. Output voltage of pin 1 at LVDT 
null will be Vp/2. Thus, for the case men- 
tioned with Vg= 10 volts, the null voltage 
will be +5 volts. The maximum linear 
swing would be 1.5-8.5 volts around this 
value. The fixed reference mode may be 
used with single or dual supply operation. 


DUAL SUPPLY OPERATION 


When connected to a typical LVDT transducer 
as shown in Figure 6, the NE5520 will exhibit 
an extremely linear transfer function. Very 
important to precision position measurement 
is the inherent repeatability of the system. 
The graphs in Figure 7A, B illustrate the 
highly linear transfer function and its repeat- 
able accuracy with different supply voltages, 
in this case +6 and + 10 volts. The transdu- 
cer motion was over a range of +150 milli- 
inches each side of the LVDT null. Typical DC 
Output signal is shown with an output ampili- 
fier gain of X10 in both cases. Note that 
linearity remains constant, however, full scale 
Output varies with supply voltage. This is due 
to the increased excitor drive to the LVDT with 
increased reference voltage. LVDT ouput is a 
linear function of excitor amplitude on the pri- 
mary winding. The addition of a single gain 
control may easily be added between pins 1 
and 3 to reduce gain in order to retain cons- 
tant output for different supply voltages (see 
Figure 8) or Va may be connected to a fixed 
voltage. (See ‘Biasing.) 


+VO 
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‘TYPICAL MEASURING SYSTEM 
(RATIOMETRIC MODE) 
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TYPICAL GAIN ADJUST CIRCUIT 
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Figure 8 


It is strongly recommended that dual out- 
put tracking regulated supplies be used in 
this type of application in order to mini- 
mize system DC offset and impaired mea- 
surement accuracy due to power supply 
unbalance. An optional circuit capable of 
automatically tracking and nulling power 
supply offset is shown in Figure 9. The 
bipolar.output Signal is referenced to 
ground. 


LINEAR LSI PRODUCTS 


USING THE LVDT SIGNAL CONDITIONER AN4148 


NULLING PROCEDURE 
(Ref Fig. 9) 
1. Null transducer position by observing 


pin 4 waveform. Set supply voltage for 
+ 6.00 voits. 


2. Set offset adjust pot (feeds pin 3 of 
NE5520) for 0.00 volts DC at pin 1 of 
NE5520. 


3. Adjust offset null pot (NE5512) for zero 
output on Terminal A. 


AUTO PSRR FOR USE WITH NON-TRACKING SUPPLIES. 


+ BV 


TRACKING 


4. Check for equal voltage + deflection 
when transducer is displaced equal 
distances from physical null position. 


§. Adjust tracking control for minimum 
DC output change when either supply 
is varied over operating range at ‘A’. 


SINGLE SUPPLY OPERATION 


Single ended supply operation requires a 
different circuit approach to obtain mea- 
surement system interface. Figure 10 
shows a typical circuit using a single 
10-volt supply. Note that the output (pin 1) 
of the NE5520 is now floating above 
ground at approximately Vp/2. Simpie 
measuring circuits may be realized (Fig- 
ures 11A, B, C) by placing a DC microam- 
meter between pin 1 and a resistive divider 


COMPENSATED 
SIGNAL 
OUTPUT 


OFFSET 
AdJusT 1K2 


10K0 


Figure 9 


TYPICAL SINGLE SUPPLY LVDT CIRCUIT 
vec 


SINE WAVE 
CONVERTER 


NE5520 


SYNCHRONOUS 
DEMODULATOR 


LOW PASS 
FILTER 


OUTPUT 
SIGNAL 


Figure 10 
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creating a bridge readout which is ratio- 
metric with supply voltage variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the volt- 
age divider or Vp/2 and the readout circuit 
in order to minimize offset due to measur- 
ing circuit loading. DC offset due to inter- 
nal tracking error in the NE5520 may be 
reduced by using the nulling circuit shown 
in Figure 12. Offset sensitivity and its ef- 
fect on system accuracy will be inversely 
proportional to full scale signal output of 
the NE5520 which is a function of the DC 
gain of the auxiliary amplifier and LVDT 
output. A typical full scale output with 
10-volt supply operation is Vp/2 + 3.5 volts 
with gain equal to 10. 


OUTPUT INTERFACING EXAMPLES 


+V 
O 


NE5520 
VRi2 


sy Figure 11b 


10-100K. 


READOUT 
DEVICE 


VRI2 
NES520 


LVOT AS aac al 
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Figure 11c 
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D.C. OFFSET ADJUST 
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Figure 12 


MATCHING THE NE5520 TO 
LOW IMPEDANCE LVDT’s 


The NE5520 exciter output is capable of 
driving LVD7 primary windings with a min- 
imum impedance of 1K ohm. When a sig- 
nificantly lower impedance primary is 
driven by the device some form of step- 
down impedance matching or a power buf- 
fer is recommended. Figure 13 shows a 
step-down matching transformer ap- 
proach. A transformer with primary imped- 
ance of approximately 1K ohm (audio type) 
with the proper secondary impedance to 
match the LVDT primary is used to couple 
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oscillator excitation. Depending on the 
output efficiency of the LVDT, output sig- 
nal losses may occur with a correspond- 
ing loss in measuring sensitivity. The aux- 
iliary amplifier gain may be increased to 
offset this loss. 


A second approach makes use of a power. 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit 
(Figure 14) results in less signal loss and 
is inexpensive. A DC decoupling capacitor 
must be used to prevent DC offset cur- 
rents from flowing in the LVDT primary 
winding. A 3dB signal reduction is noted 
when driving a 15-ohm load to 6 volts peak 
to peak (10-volt operation); and 12 volts 
peak to peak for 20-volt supply. 


NE5520 TEMPERATURE 
COMPENSATION 


Internal offset voltages originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best 
measurement accuracy when operating 
over the full temperature range. The cir- 
cuits shown (Figures 15A, B) give a simple 
approach using a thermistor inserted in 
series with the offset null resistors to 
reduce voltage drift to a reasonable level. 
These tolerances are based on + 3.5 volts 
full scale output for LVDT displacements 
each side of physical null. A thermistor 
having a positive coefficient of +0.7%/°C 
is used. Obviously, if the total divider 
resistance is changed a different ther- 
mistor resistance will be required. 


DRIVING LOW Z LVDT’S WITH THE NE/SE5520 


+V 


Figure 13 
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DEMODULATOR DISTORTION 
(OVERDRIVE) 


When the demodulator input exceeds 2 
volts peak to peak clipping distortion will 
increase and must be avoided by control- 
ling oscillator drive to the primary of the 
LVDT. Figure 16 shows an example of a 
circuit for attenuating primary excitation 
using a 1K ohm potentiometer. 


The procedure for adjusting the level is 
simply to: 


1. Set LVDT core position for maximum 
output from the secondary. 


2. Monitor the waveform on (pin 5 demoad- 
ulator output) and adjust oscillator 
level for the amplitude just below clip- 
ping. Normally this should result in a 
maximum of 2 volts peak to peak at pin 
4 of the NE5520 (25°C). 


THERMISTOR TEMPERATURE 
COMPENSATION 


V,; DC DRIFT % FS. (F.S. = 3.5V) 


10 20 30 40 50 
TEMPERATURE °C 


Figure 15b. 
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LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 


The LVDT has a frequency dependent 
phase shift associated with the particular 
characteristics of the device and its exci- 
tation frequency. This phase shift is in ad- 
dition to the 180° shift which occurs when 
passing through null position. 


By adjusting the frequency of the sine 
wave excitation a condition results which 
Causes secondary voltage to be tn phase 
with primary excitation. The adjustment of 
relative primary and secondary phase 
angles has several effects. First, if the 
primary excitation is referenced to the 
synchronous demodulator, as in the 
NE5520, optimum rectification occurs at 
zero phase differential between secondary 
AC phase and demodulator switching rela- 
tive to the waveform zero crossings. Sec- 
ond, “Exciting an LVDT at its zero phase 
angie frequency results in minimum sensi- 
tivity to frequency and temperature varia- 
tions’ (Schaevitz Handbook of Measure- 
ment and Control, 1976). 


DEMODULATOR SYNC PHASE 


A second method of phase compensation 
of the NE5520 versus the LVDT is to usea 
variable phase shift network between the 
oscillator Output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequency remains fixed and the 
pot is tuned for optimum demodulator 
phasing. 


lt # emphasized that an external phasing 
adjustment as outlined above is not al- 
ways necessary. Some LVDT’s operating 
in the 1-5kHz range will be near zero 


phase and will need no phase compensa- 


tion. Experimental evaluation of the proto- 
type design combined with system speci- 
fications will be the best means of making 
this decision. 


Waveform photo in Figure 18A-B, shows 
the demodulator output signal when phas- 
ing of the synchronous demodulator is 
correct (A) and improperly adjusted (B). 


Proper phasing of the sync signal to the 
demodulator results in optimum sensitiv- 
ity and linearity. 
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Figure 16 


_ EXTERNAL PHASE ADJUSTMENT 
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Figure 17 
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Figure 18a 


NE5520 LVDT DRIVER 
DEMODULATOR APPLICATIONS 


OPERATED WITH A SINGLE 
POWER SUPPLY 


The NE5520 may be operated with a single 
ended power supply ranging from +5 to 
20 voits. 


A very simple motion transducer may be 
constructed using the circuit shown in 
Figure 19A, B. The output is biased to one- 
half the supply voltage. This requires 
special interface circuitry for the signal 
readout. One simple method is to use a 
zero center meter in a bridge configura- 
tion as shown. Displacement now may be 
measured as a positive or negative meter 
reading. Readout sensitivity is a function 
of the particular LVDT and of the gain of 
the error amplifier. DC offsets may be 
nulled by using a simple offset adjustment 
Circuit as indicated. 


The transducer is centered in its displace- 
ment and the offset adjust pot set for a 
zero meter reading. Once this procedure is 
completed, the circuit is capable of mak- 
ing measurements based on transducer 
displacement. Displacement sensitivity is 


NE5520 DEMODULATOR PHASING 


VERT— 0.5V/DIV 


HORIZ— 50,sec/DIV 


a function of the LVDT transducer rated in 
voits-per-inch in addition to the transfer 
gain of the NE5520 demodulator. The in- 
put excitation is generally a fixed level as 
is the LVDT transducer transformer ratio. 
However, the auxiliary gain stage may be 
used to adjust the overali system sensitiv- 
ity. This section of the device is also used 
to obtain a low-pass active filter for the 
smoothing of demodulator ripple. The 
design examples use a simple VCVS low- 
pass filter which allows gain and cut-off 
frequency to be adjusted independently. 
Gain equals ten in the example. 


Note that using a single supply results ina 
DC common mode voitage at the output of 
one-half the reference voltage on pin 12. 
This voltage Vp may be equal to but not 
greater than the supply voltage on pin 14. 


LVDT MEASURING CIRCUIT 
USING A DUAL SUPPLY 


A second mode of operation makes use of 
dual power supply. A common choice may 
be +5, +6, or + 10 voits. Special consid- 
eration must be made in properly biasing 
the internal circuitry to operate under 
these conditions. Figure 20 shows a sim- 
ple design for working with +6-volt sup- 
plies. Special provisions for minimizing 


INCORRECT 


-—4 VERT O.5V/DIV 


HORIZ — 50usec/DIV 


Figure 18b 


DC power supply offsets may be made by 
using the NE5512 dual op amp as a track- 
ing voltage source and difference ampli- 
fier-output Duffer (see Figure 9). A second 
method is to use a dual tracking regulator 
to supply the NE5520. 


LVDT IN CLOSED LOOP SERVO 


The LVDT provides an excellent method of 
obtaining position information for closed 
loop servo drive systems. Pressure roilers, 
hydraulic drivers, and motor driven linear 
motion transducers are a few of the gen- 
eral applications which may benefit from 
the accuracy and speed of response inher- 


ent in the LVDT sensor. 
(Figure 21A) 8 


A simple block diagram 
shows one possible application in which 
the NE5520 with LVDT sensor provides 
accurate position control in a closed loop 
servo. Linear motion from millimeters to 
inches of translational motion are possi- 
ble using the LVDT technique. 


ic 


in practice the position voitage may be the 
output of a D/A converter which in turn is 
activated digitally from a = conirolling 
microprocessor. Keyboard information or 
software commands are transiated direct- 
ly into mechanical motion (Figure 218). 
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Figure 19b 
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LVDT SIGNAL TRANSMISSION 
BY CURRENT LOOP 


In certain situations the demodulated out- 
put signal must be transmitted over long 
wires or cables before reaching the signal 
monitoring equipment. The receiver end 
may consist of chart recorders, digital 
panel meters and computers or micro- 
processors. In some systems many LVDT 
signals must be monitored from different 
locations thus requiring variable wire 
length between transmitter and receiver, 
thus a different line resistance in each 
case. If voltage feed were used, signal 
accuracy would be affected by line 
resistance. This need for accurate signa! 
transmission necessitates the use of a 
current loop. A current loop develops a 
Current exactly in proportion to the 
demodulated LVDT output voltage. It is 
not affected by line resistance within cer- 
tain limits governed by the current 
generator. 


One method of current loop transmission 
uses the Va. common mode reference to 
create a null balance signal circuit which 
is converted to a bipolar current signal 
corresponding to the LVDT transducer null 
(i.e. physical displacement center null po- 
sition at which zero current occurs). This 
method is shown in Figure 22 and requires 
the use of an external dual op amp, half of 
which is used to provide a buffered refer- 
ence (Vpj2) voltage return for the current 
loop. With R, = 200 ohms the current loop 
sensitivity is 5 milliamperes per volt of in- 
put signal. In all cases, the current output 
to the loop receiver will remain constant 
with fixed input voltage (LVDT demodula- 
tor) even for varying line resistance up to 
600 ohms. This resistance must include all 
wire and load drops in the loop. Various 
full scale current limits require different 


supply voltages and without external sup- 
plies will be limited by op amp swing char- 
acteristics, for to force a given current 
across R, +R, results in an ultimate volt- 
age limit from the op amp output in the 
current converter as total resistance in- 
creases. 


,{ MOTOR 
~ \ DRIVE 


Another method uses an external supply 
and discrete transistor controlled by the 
closed loop op amp referenced to shunt 
resistor Rg, in the emitter return circuit. 
This of course is a unipolar current loop. 
See Figure 23. 


Figure 21b 
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Some systems in common use require two 
wire source to include both the device 
operating current and the signal loop cur- 
rent. Thus the quiescent device current 
must be nulled out at the receiver end 
leaving the residual signal loop current. 


The NE5520 is not well suited to this par- 
ticular application since the device stand- 
is approximately 10 milli- 


by current 
amperes. 


A current loop operated from supply volt- 
age sources at the transducer locationisa 
better choice for the operation of an out- 
put signal loop where long lines must 
carry locally generated LVDT signals after 
demodulation back to the monitor site. 
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POSITIONING THE NE5520 LVDT 
3-WIRE REMOTE DRIVER 
DEMODULATOR SENSING HEAD 


The NE5520 may be placed in close prox- 
imity to the LVDT transducer provided the 
environment stays within device specifi- 
cations. This physical arrangement allows 
only DC supply and low frequency signal 
lines (3 wires) being run between the 
transducer-conditioner unit and the signal 
processing station as shown in Figure 24. 


POSITIONING THE NE/SE5520 LVDT 3 WIRE REMOTE DEMODULATOR 
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Figure 24 
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INTRODUCTION 


In mid 1972, Signetics introduced the 
555 timer, a unique functional building 
block that has enjoyed unprecedented 
popularity. The timer’s success can be 
attributed to several inherent character- 
istics foremost of which are versatility, 
stability and low cost. There can be no 
doubt that the 555 timer has altered the 
course of the electronics industry with 
an impact not unlike that of the I.C. 
operational amplifier. 


The simplicity of the timer in conjunc- 
tion with its ability to produce long time 
delays in a variety of applications has 
lured many designers from mechanical 
timers, op amps, and various discrete 
circuits into the ever increasing ranks 
of timer users. 


DESCRIPTION 


The 555 timer consists of two voltage 
comparators, a bistable flip-flop, a dis- 
charge transistor, and a resistor divider 
network. To understand the basic con- 
cept of the timer let’s first examine the 
timer in block form as in Figure 1. 


changes state and sets the flip-flop driv- 
ing the output to a high state. The 
threshold pin normally monitors the 
Capacitor voltage of the RC timing net- 
work When the capacitor voltage 
exceeds 2/3 of the supply, the threshold 
comparator resets the flip-flop which in 
turn drives the output to a low state. 
When the output is in a low state, the 
discharge transistor is ‘‘on’’, hereby dis- 
charging the external timing capacitor. 
Once the capacitor is discharged, the 
timer will await another trigger pulse, 
the timing cycle having been completed. 


The 555 and its complement, the 556 
Dual Timer, exhibit a typical initial 
timing accuracy of 1% with a 50ppm/°C 
timing drift with temperature. To oper- 
ate the timer as a one shot, only two 
external components are necessary ; resis- 
tance & capacitance. For an oscillator, 
only one additional resistor is necessary. 
By proper selection of external com- 
ponents, oscillating frequencies from 
one cycle per half hour to 500KHz2 can 
be realized. Duty cycles can be adjusted 
from less than one percent to 99 percent 
over the frequency spectrum. Voltage 


555/556 TIMER FUNCTIONAL BLOCK DIAGRAM 
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Figure 1 


The resistive divider network is used to 
set the comparator levels. Since all three 
resistors are of equal value, the threshold 
comparator is referenced internally at 
2/3 of supply voltage level and the trig- 
ger comparator is referenced at 1/3 of 
supply voltage. The outputs of the com- 
Parators are tied to the bistable flip-flop. 
When the trigger voltage is moved below 
1/3. of the supply, the comparator 


control of timing and oscillation func- 
tions is also available, 


Timer Circuitry 


The timer is comprised of five distinct 
circuits; two voltage comparators, a 
resistive voltage divider reference, a bi- 
stable flip-flop, a discharge transistor, 
and an output stage that is the ‘‘totem 
pole’’ design for sink or source capability. 


Qio - Q13 comprise a Darlington dif- 
ferential pair which serves as a trigger 
comparator. Starting with a positive 
voltage on: the trigger; Qio and Q11 
turn on when the voltage at pin 2 is 
moved below one third of the supply 
voltage. The voltage level is derived 
from a resistive divider chain consisting 
of R7, Rs and Ro. All three resistors 
are of equal value (5K ohms). At fif- 
teen volts supply, the triggering level 
would be five volts. When Qio and Q11 
turn on, they provide a base drive for 
Q1s, turning it on. Q16 and Qi7 form 
a bistable flip-flop. When Q15 is satu- 
rated, Q16 is ‘off’ and Q17 is saturated. 
Q16 and Q17 will remain in these states 
even if the trigger is removed and Q15 
is turned ‘off’. While Q17 is saturated, 
Q20 and Q14 are turned off. 


The output structure of the timer is a 
“totem pole’’design, with Q22 and Q24 
being large geometry transistors capable 
of providing 200mA with a fifteen volt 
supply. While Q20 is ‘off’, base drive is 
provided for Q22 by Q21, thus provid- 
ing a high output. 


For the duration that the output is in | 


a high state, the discharge transistor is 
‘off’. Since the collector of Q14 is typ- 
ically connected to the external timing 
capacitor, C, while Q14 is off the timing 
capacitor now can charge thru the tim- 
ing resistor, R a: . 


The capacitor voltage is monitored by 
the threshold comparator (Qi - Q4) 
which is a Darlington differential pair. 
When the capacitor voltage reaches two 
thirds of the supply voltage, the current 
is directed from Q3 and Qa thru Qi and 
Q2. Amplification of the current change 
is proviced by O5 and Qe. O5 - Q6 and 
Q7 - Qs comprise a diode-biased ampli- 
fier. The amplified current change from 
Qe now provides a base drive for Q16 
which is part of the bistable flip-flop to 
change states. In doing so, the output Is 
driven “low”, and Q14 the discharge 
transistor is turned ‘‘on"’’ shorting the 
timing capacitor to ground. 


The discussion to this point has only 
encompassed the most fundamental of 
the timer’s operating modes and cir- 
cuitry. Several points of the circuit are 
brought out to the real world which 
allow the timer to function in a variety 
of modes. It is important; more than 
that, it is essential that one understands 
all the variations possible in order to 
utilize this device to its fullest extent. 
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Reset Function 


Regressing to the trigger mode, it should 
be noted that once the device has trig- 
gered and the bistable flip-flop set, con- 
tinued triggering will not interfere with 
the timing cycle. However, there may 
come a time when it is necessary to in- 
terrupt or halt a timing cycle. This is the 
function that the reset accomplishes. 


In the normal operating mode the reset 
transistor, Q25, is off with its base held 
high. When the base of Q25 is grounded, 
it turns on, providing base drive to Q14, 
turning it on. This discharges the timing 
capacitor, resets the flip-flop at Q17, 
and drives the output low. The reset 
overrides all other functions within the 
timer. 


Trigger Requirements 


Due to the nature of the trigger circuitry, 
the timer will trigger on the negative 
going edge of the input pulse. For the 
device to time out properly, it is nec- 
essary that the trigger voltage level be 
returned to some voltage greater than 
one third of the supply before the time 
out period. This can be achieved by 
making either the trigger pulse. suffi- 
ciently short or by AC coupling into 
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Figure 2 


the trigger. By AC coupling the trigger, 
see Figure 3, a short negative going pulse 
is achieved when the trigger signal goes 
to ground. AC coupling is most fre- 
quently used in conjunction with a 


switch or a signal that goes to ground 


which initiates the timing cycle. Should 
the trigger be held low, without AC 
coupling, for a longer duration than the 
timing cycle the output will remain ina 
high state for the duration of the low 
trigger signal, without regard to the 
threshold comparator state. This is due 
to the predominance of 015 on the base 
of Q16, controlling the state of the bi- 
stuble flip-flop. When the trigger signal 
then returns to a high level, the output 
will fall immediately. Thus, the output 
signal will follow the trigger signal in 
this case. 


Control Voltage 


One additional point of significance, the 
control voltage, is brought out on the 
timer. As mentioned earlier, both the 
trigger comparator, Qio - Q13, and the 
threshold comparator, Q1 - O4, are ref- 
erenced to an internal resistor divider 
network, R7, Rs, Ro. This network es- 
tablishes the nominal two thirds of 
supply voltage (Vcc) trip point for the 
threshold comparator and one third of 
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Vcc for the trigger comparator. The two 
thirds point at the junction of R7, Rs 
and the base of Q4 is brought out. By 
imposing a voltage at this point, the 
comparator reference levels may be 
shifted either higher or lower than the 
nominal levels of one third and two 
thirds of the supply voltage. Varying the 
voltage at this point will vary the timing. 
This feature of the timer opens a mul- 
titude of application possibilities such as 
using the timer as a voltage controlled 
oscillator, pulse width modulator, etc. 
For applications where the control voltage 
function is not used, it is strongly rec- 
ommended that a bypass capacitor 
(.01uF) be place across the control volt- 
age pin and ground. This will increase 
the noise immunity of the timer to high 
frequency trash which may monitor the 
threshold levels causing timing error. 


Monostable Operation 


The timer lends itself to three basic 
operating modes: 


1. Monostable (one shot) 
2. Astable (oscillatory) 
3. Time delay 


By utilizing any one or combination of 
basic operating modes and suitable var- 
iations it is possible to utilize the timer 
in amyriad of applications. The applica- 
tions are limited only to the imagination 
of the designer. 


One of the simplest and most widely 
used operating modes of the timer is the 
monostable (one shot). This configura- 
tion requires only two external compo- 
nents for operation (See Figure 4). The 
sequence of events starts when a voltage 
below one third Vcc is sensed by the 
trigger comparator. The trigger is nor- 
mally applied in the form of a short 
negative going pulse. On the negative 
going edge of the pulse, the device trig- 
gers, the output goes high and the dis- 
charge transistor turns off. Note that 
prior to the input pulse, the discharge 
transistor is on, shorting the timing ca- 
pacitor to ground. At this point the tim- 
ing capacitor, C, starts charging thru the 
timing resistor, R. The voltage on the 
capacitor increases exponentially with a 
time constant T = RC. Ignoring capacitor 
leakage, the capacitor will reach the 
two thirds Vcc level in 1.1 time con- 
stants or 


T=1.1 RC (1) 


where T is in seconds; R is in ohms and; 
C is in Farads. This voltage level trips 
the threshold comparator, which in turn 
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Figure 5 


drives the output low and turns on the 
discharge transistor. The transistor dis- 
charges the capacitor, C, rapidly. The 
timer has completed its cycle and will 
now await another trigger pulse. 


Astable Operation 


In the astable (free run) mode, only one 
additional component, Rb is necessary. 


The trigger is now tied to the threshold 
pin. At power up, the capacitor is dis- 
charged, holding the trigger low. This 
triggers the timer, which establishes the 
capacitor charge path thru Ra and Rep. 
When the capacitor reaches the thresh- 
old level of 2/3 Vcc, the output drops 
low and the discharge transistor turns 
on. 
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The timing capacitor now discharges 
thru Rg. When the capacitor voltage 
drops to 1/3 Vcc, the trigger comparator 
trips, automatically retriggering the 
timer, creating an oscillator whose fre- 
quency is given by: 


1.49 

f= (Ra +2RB) C 2) 
Selecting the ratios or Ra and Rg varies 
the duty cycle accordingly. Lo and be- 
hold, we have a problem. If a duty cycle 
of less than fifty percent is required, 
then what? Even if Ra = 0, the charge 
time cannot be made smaller than the 
discharge time because the charge path 
is Ra + Rg while the discharge path is 
Rg alone. In this case it becomes 
necessary to insert a diode in parallel 
with Rg, cathode toward the timing ca- 
pacitor. Another diode is desireable, but 
not mandatory, this one in series with 
Rg, cathode away from the timing ca- 
pacitor. Now the charge path becomes 
Ra, thru the parallel diode into C. Dis- 
charge is thru the series diode and Rp 
to the discharge transistor. This scheme 
will afford a duty cycle range from less 
than 5% to greater than 95%. It should 
be noted that for reliable operation a 
minimum value of 3KQ for Rg is rec- 
ommended to assure that oscillation 
begins. 
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Figure 6 
Time Delay 


In this third basic operating mode, we 
aim to accomplish something a little 
different from monostable operation. In 
the monostable mode, when a trigger 
was applied, the output immediately 
changed to the high state, timed out, 
and returned to its pre-trigger low state. 
in the time delay mode, we require the 
output not to change state upon trig- 
gering, but at some precalculated time 
after trigger is received. 
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The threshold and trigger are tied to- 
gether monitoring the capacitor voltage. 
The discharge function is not used. The 
operation sequence begins as transistor 
(T1) is turned on, keeping the capacitor 
grounded. The trigger sees a low state 
and forces the timer output high. When 
the transistor is turned off the capacitor 
commences its charge cycle. When the 
capacitor reaches the threshold level, 
then and only then does the output 
change from its normally high state to 
the low state. The output will remain 
low until T1 is again turned on. 


GENERAL DESIGN 
CONSIDERATIONS 


The timer will operate over a guaranteed 
voltage range of 4.5 volts to 15 volts 
DC, with 16 VDC being the absolute 
max. rating. Most of the devices, how- 
ever, will operate at voltage levels as low 
as 3 VDC. The timing interval is inde- 
pendent of supply voltage since the 
charge rate and threshold level of the 
comparator are both directly proportion- 
al to supply. The supply volatage may be 
provided by any number of sources: 
however, several precautions should be 
taken. The most important, the one 
which provides the most headaches if 
not practiced, is good power supply 
filtering and adequate bypassing. Ripple 
on the supply line can cause loss of tim- 
ing accuracy. The threshold level shifts 
causing a change of charging current. 
This will cause a timing error for that 
cycle. 


Due to the nature of the output struc- 
ture, a high power totem pole design, 
the output of the timer can exhibit large 
current spikes on the supply line. By- 
passing is necessary to eliminate this 
phenomenon. A capacitor across the Vcc 
and ground, ideally, directly across the 
device is necessary. The size of capacitor 
will depend on the specific application. 
Values of capacitance from .01UF to 
10uUF are not uncommon. Note that the 
bypass capacitor would be as close to 
the device as physically possible. 


Selecting External 
Components 


In selecting the timing resistor and ca- 
pacitor, there are several considerations 
to be taken into account. 


Stable external components are neces- 
sary for the RC network if good timing 
accuracy is to be maintained. The timing 
resistor(s) should be of the metal film 
variety if timing accuracy and repeata- 
bility are important design criteria. The 
timer exhibits a typical initial accuracy 
of one percent. That is, with any one 
RC network, from timer to timer only 
one percent change is to be expected. 
Most of the initial timing error (i.e. de- 
viation from the formula) is due to in- 
accuracies of external components. Re- 
sistors range from their rated values by 
.01% to 10 and 20 percent. Capacitors 
may have a 5 to 10 percent deviation 
from rated capacity. Therefore, in a 
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system where timing is critical, an adjus- 
table timing resistor or precision com- 
ponents are necessary. For best results, 
a good quality trim pot, placed in series 
with the largest feasible resistance will 
allow for best adjustability and perfor- 
mance. 


The timing capacitor should be a high 
quality, stable component with very low 
leakage characteristics. Under no cir- 
cumstances should ceramic disc Capaci- 
tors be used in the timing network! 
Ceramic disc capacitors are not suffi- 
ciently stable in capacitance to operate 
properly in an RC mode. Several accept- 
able capacitor types are: silver mica, 
mylar, polycarbonate, polystyrene, tan- 
tulum or similar types. 


The timer typically exhibits a small nega- 
tive temperature coefficient (50ppm/°C). 
If timer accuracy over temperature is a 
consideration, timing components with 
a small positive temperature coefficient 
should be chosen. This combination will 
tend to cancel timing drift due to tem- 
perature. 


In selecting the values for the timing 
resistors and capacitor, several points 
should be considered. A minimum value 
of threshold current is necessary to trip 
the threshold comparator. This value is 
.25UA. To calculate the maximum value 
of resistance, keep in mind that at the 
time the threshold current is required, 
the voltage potential on the threshold 
pin is two thirds of supply. Therefore: 


Vpotential = Veg — Veapacitor 


Vpotential = Vee — 2/3 Veg = 
1/3 Vee 


Maximum resistance is then defined as 


Vee -—-V 
R Pn He ~~ Cap 3 
max ~ ~Trosh (3) 


Example: Voc = 15V 
15 — 10 


R max ~ 95 (10-6) ce 20MQ2 
Vec =5V 
_5 — 3.33 
Rmax = "95 (10-6) ex 


NOTE: \f using a large value of timing 
resistor, be certain that the capacitor 
leakage is significantly lower than the 
charging current available to minimize 
timing error. 


On the other end of the spectrum, there 
are certain minimum values of resistance 
that should be observed. The discharge 
transistor, Qi4, is current limited at 
35mA to 55mA internally. Thus, at the 
Current limiting values, Q14, establishes 
high saturation voltages. When examining 
the currents at Q14, remember that the 
transistor, when turned on will be carry- 
ing two current loads. The first being 
the constant current thru timing resis- 
tor, Ra. The second will be the varying 
discharge current from the timing capac- 
itor. To provide best operation the cur- 
rent contributed by the Ra path should 
be minimized so that the majority of 
discharge current can be used to reset 
the capacitor voltage. Hence it is rec- 
ommended that a 5K ohm value be the 
minimum feasible value for Ra. This 
does not mean lower values cannot be 
used successfully in certain applications. 
Yet there are extreme cases that should 
be avoided if at al! possible. 


Capacitor size has not proven to be a 
legitimate design criteria. Values ranging 
from picofarads to greater than one 
thousand microfarads have been used 
successfully. One precaution need be 
utilized though. (It should be a cardinal 
rule that applies to the usage of all | C’s.) 
Make certain that the package power 
dissipation is not exceeded. With ex- 
tremely large capacitor values, a max- 
imum duty cycle which allows some 
cooling time for the discharge tran- 
sistor, may be necessary. 


The most important characteristic of 


‘the capacitor should be as low a leakage 


as possible. Obviously any leakage will 
subtract from the charge count causing 
the calculated time to be longer than 
anticipated. 


Control Voitage 


Regressing momentarily, we recall that 
the control voltage pin is connected 
directly to the threshold comparator at 
the junction of R7, or Rs. The combina- 
tion of R7, Rs and R9 comprise the 
resistive voltage divider network that es- 
tablishes the nominal 1/3 Vcc trigger 
comparator level (junction Rg, R9) and 
the 2/3 Vcc level for the threshold com- 
parator {junction R7, Rs). 


For most applications, the control volt- 
age function is not used and therefore 
is bypassed to ground with a small capac- 
itor for noise filtering. The control volt- 
age function, in other applications be- 
comes an integral part of the design. By 
imposing a voltage at this pin, it becomes 
possible to vary the threshold compara- 


‘ee 


tor ‘‘set’’ level above or below the 2/3 
Vcc nominal, hereby varying the timing. 
In the monostable mode, the control 
voltage may be varied from 45 percent 
to 90 percent of Vcc. The 45 to 90 per- 
cent figure is not firm, but only an in- 
dication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applica- 
tions. 


In the oscillatory (free run) mode, the 
control voltage limitations are from 1.7 
volts to Vcc. These values should be 
heeded for reliable operation. Keep in 
mind that in this mode the trigger level 
is also important. When the control volt- 
age raises the threshold comparator level 
it also raise the trigger comparator level 
by one half that amount due to R8 and 
Ro of Figure 2. As a voltage controlled 
oscillator, one can expect +25% around 
center frequency (fo) to be virtually 
linear with a normal RC timing circuit. 
For wider linear variations around Fz it 
may be desireable to replace the charging 
resistor with a constant current source. 
In this manner the exponential charging 
characteristics of the classical configura- 
tion will be altered to linear charge time. 


Reset Control 


The only remaining function now is the 
reset. As mentioned earlier, the reset, 
when taken to ground, inhibits all device 
functioning. The output is driven low, 
the bistable flip-flop is reset, and the 
timing capacitor is discharged. In the 
astable (oscillatory) mode, the reset can 
be used to gate the oscillator. In the 
monostable it can be used as a timing 
abort to either interrupt a timing se- 
quence or establish a standby mode (i.e. 
— device off during power up). It can 
also be used in conjunction with the trig- 
ger pin to establish a positive edge trig- 
gered circuit as opposed to the normal 
negative edge trigger mode. One thing 
to keep in mind when using the reset 
function is that the reset voltage (switch- 
ing) point is between 0.4V and 1.0V 
{(min/max). Therefore, if used in con- 
junction with the trigger, the device will 
be out of the reset mode prior to reach- 
ing 1 volt. At that point the trigger is in. 
the “turn on” region, below 1/3 Vcc. 
This will cause the device to trigger im- 
mediately, effectively triggering on the 
positive going edge if a pulse is applied 
to pins 4 and 2 simultaneously. 


FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 


The following is a harvest of various mal- 


adies, exceptions, and _ idiosyncracies 
that may exhibit themselves from time 
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to time in various applications. Rather 
than cast aspersions, a quick review of 
this list may uncover a solution to the 
problem at hand. 


1. 


. What 


In the csciilator. mode when reset is 
released the first time constant is ap- 
proximately twice as /ong as the rest. 
Why? 


Answer: In the oscillator mode the 
Capacitor voitage fluctuates between 
1/3 and 2/3 of the supply voltage. 
When reset is pulled down the capaci- 
tor discharges completely. Thus for 
the first cycle it must charge from 
ground to 2/3. Vcc which takes twice 
as long. 


is maximum frequency of 
oscillations? 


Answer: Most devices will oscillate 
about 1M Hz. However, in the in- 
terest of temperature stability one 
should operate only up to about 
500kHz. 


. What is temperature drift for oscilla- 


tor mode? 


Answer: Temperature drift of oscilla- 
tor mode is 3 times that of one shot 
mode due to addition of second volt- 
age comparator. Frequency always 
increases with an increasing tempera- 
ture. Therefore it is possible to par- 
tially offset this drift with an off- 
setting temperature coefficient in the 
external resistor/capacitor combina- 
tion. 


this output exhibits a cross over dis- 
tortion which may double trigger log- 
ic. A 1000 pF capacitor from the out- 
put to ground will eliminate any false 
triggering. 


. What is the longest time | can get out 


of the timer? 


Answer: Times exceeding an hour are 
possible, but not always practical. 
Large capacitors with low leakage 
specs are quite expensive. It becomes 
cheaper to use a countdown scheme 
(see Figure 15) at some point depen- 
dent on required accuracy. Normally 
20 to 30 min. is the longest feasible 
time. 


DRIVING HIGH Q INDUCTIVE LOADS 


Figure 8 


TRUE TIME DELAY 


Voc 
C) 


Ta 14RC 
(T = TIME BEFORE 


ci Cc ¢ OUTPUT GOES LOW) 


Figure 9b 


MODIFIED DUTY CYCLE (ASTABLE) 


Veo 
©) 


tyourPuT Hiaw) = 0.67 Rac ‘ 
tajourpuT Low) ™ 0.67 Rg i 
T = ty + to(TOTAL PERIOD) = 

1 


{ee 


Figure 9c 


ASTABLE TIMING 


DESIGN FORMULAS 


4. Oscillator exhibits spurious osc///a- : Veo 
tions on cross over points. Why? Before entering the section on specific 


Answer: The 555 can oscillate due to applications it is advantageous to review 


he timing formulas. The formulas given 
feedback from power supply. Always — t 
bypass with sufficient capacitance here apply to the 555 and 556 devices. 


close to the device for all applica- 
tions. 


5. Trying to drive a re/ay but 555 hangs 


MONOSTABLE TIMING 
up. How come? 


tyouTpuT HIGH) = 0-67 (Ry + ee 
ta(OUTPUT LOW) = 0.67 (Rp)C 
T = t, + t,(TOTAL PERIOD) 
te! 1.49 
~T (Ry 2Rg)C Rg 
Diouty cycte) = Ry + 2Rp 


Figure 9d 


Answer: Inductive feedback. Aclamp 
diode across the coil prevents the coil 
from driving pin 3 below a.negative 
.6 volts. This negative voltage is suffi- 
cient in some cases to cause the timer 
to malfunction. The solution is to 
drive the relay through a diode thus 
preventing pin 3 from ever seeing a 
negative voltage. 


6. Double triggering of the TTL loads 
sometimes occurs. Why? 


APPLICATIONS 


The timer since introduction has spurred 
the imagination of thousands. Thus the 
ways in which this device has been used 
are far too numerous to present each 
one. A review of the basic operation and 
basic modes has previously been given. 
Presented here are some ingenious appli- 
cations devised by our applications en- | 
gineers and by some of our customers. 


Troutput Hiah) = 1-1RaC as 


Answer: Due to the high current ca- 
pability and fast rise and fall times of 
the output a totem pole structure 
different from the TTL classical struc- 


Figure 9a 
ture was used. Near TTL threshold 
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Missing Pulse Detector 


Using the circuit of Figure 10a, the timing 
cycle is continuously reset by the input pulse 
train. A change in frequency, or a missing 
pulse, allows completion of the timing cycle 
which causes a change in the output level. 
For this application, the time delay should be 
set to be slightly longer than the normal time 
between pulses. Figure 10b shows the actual 
waveforms seen in this mode of operation. 


et a a RRO 


SCHEMATIC DIAGRAM 


+ Veg (5 TO 15V) 


Figure 10a 


EXPECTED WAVE FORMS 


INPUT 2V/CM 


an enna Saas Waakiingenestes caches micas te shes dopaciniore kee be Moker bs dee sag aeeccciociah 7” 
OUTPUT VOLTAGE 5V/CM | 


CAPACITOR VOLTAGE 5V/CM 
Ry 1K C =,09-F 


Figure 10b 
Frequency Divider 


If the input frequency is known, the timer 
can easily be used as a frequency divider by 
adjusting the length of the timing cycle. 


SCHEMATIC DIAGRAM 


+ Veg (5 TO 15V) 


OUTPUT © 
CONTROL 
VOLTAGE 

01,F 


Figure 11a 


EXPECTED WAVE FORMS 


CAPACITOR VOLTAGE 5V/CM 
{ = 0.1 MS/CM 
Ra = 12502 C = .02,F 


Figure 11b 


Figure 11b shows the waveforms of the timer 
in Figure 11a when used as a divide by three 
circuit. This application makes use of the fact 
that this circuit cannot be retriggered during 
the timing cycle. 


Pulse Width Modulation 
(PWM) 


in this application, the timer is connected in 
the monostable mode as shown in Figure 
12a. The circuit is triggered with a continuous 
pulse train and the threshold voltage is modu- 
lated by the signal applied to the control 
voltage terminal (pin 5). This has the effect of 
modulating the pulse width as the control 
voltage varies. Figure 12b shows the actual 
waveform generated with this circuit. 


DEVICE SCHEMATIC 


+ Voc (5 TO 15V) 
O 


een © MODULATION 


INPUT ~~ INPUT 


Figure 12a 


EXPECTED WAVE FORMS 


t = 0.5 MS/CM 
MODULATION INPUT — 2V/CM 


Figure 12b 


Pulse Position Modulation 
(PPM) 


This application uses the timer connected for 
astable (free-running) operation. Figure 13a, 
with a modulating signal again applied to the 
contro! voltage terminal. Now the pulse posi- 
tion varies with the modulating signal, since 
the threshold voltage and hence the time 
delay is varied. Figure 13b shows the wave- 
form generated for triangle wave modulation 
signal. 


SCHEMATIC DIAGRAMS 
+ Voc (5 TO 15V) 


MODULATION 
INPUT 


Figure 13a 


EXPECTED WAVE FORMS 


t = 0.1 MS/CM 
MODULATION INPUT — 2V/CM 


CAPACITOR VOLTAGE — 2V/CM 
Ra — 3K0 Ry = 5000C = .01nF 


Figure 13b 


TONE BURST GENERATOR 


Voc Vee Vec 


.01 I ee 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 14 
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Tone Burst Generator 


The 556 Dual Timer makes an excellent tone 
burst generator.'The first half is connected as 
a one shot and the second half as an oscilla- 
tor. (Figure 14) 


The pulse established by the one shot turns 
on the oscillator allowing a burst to be genera- 
ted. . | 


Sequential Timing 


One feature of the dual timer is that by utiliz- 
ing both halves it is possible to obtain sequen- 
tial timing. By connecting the output of the 
first half to the input of the second half via a 
.001nfd coupling capacitor sequential timing 
may be obtained. Delay t, is determined by 
the first half and tp by the second half delay. 
(Figure 15) 


The first half of the timer is started by momen- 
tarily connected pin 6 to ground. When it is 
timed out (determined by 1.1 R,C,) the sec- 
ond half begins. Its duration is determined by 


TOTAL PERIOD = .693 (Ry + 2R,) C 
(EXAMPLE VALUES SET FOR APPROX. 15 MIN.) = 


ALL RESISTOR VALUES ARE IN OHMS 


Long Time Delays 


In the 556 timer the timing is a function 
of the charging rate of the external ca- 
pacitor. For long time delays expensive 
capacitors with extremely low leakage 
are required. the practicality of the com- 
ponents involved limits the time between 
pulses to something in the neighbor- 
hood of twenty minutes. 


To achieve longer time periods both 


halves may be connected in tandem with 
a ‘‘divide-by’’ network in between. 
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SEQUENTIAL TIMER 


O OUTPUT 1 
O OUTPUT 2 


i 01 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 15 


METHOD OF ACHIEVING LONG TIME DELAYS 


LONG TIME COUNTER 
(HOURS, DAYS, WEEKS, ETC.) 


10K 


INPUT FROM 
N8281 COUNTER 


(30 MIN.) 
© (1 HOUR) 
© (2 HOURS) 
O (4 HOURS) 


o4 


O CLOCK TO NEXT N8281 


Op 


COUNTER FOR LONGER 


TIMES 


Figure 16 


The first timer section operates in an 
oscillatory mode with a period ot 1/fo. 
This signal is then applied to a ‘’Divide- 
by-N” network to give an output with 
the period of N/fo. This can then be 
used to trigger the second half of the 
556. The total time is now a function 
of N and fo (Figure 16). 


Speed Warning Device (1) 


Utilizing the ‘‘missing pulse detector’ 


concept, a speed warning device, such as 


OUTPUT PULSE WIDTH, T = 1.1RC 


depicted, becomes a simple and inex- 
pensive circuit (Figure 17a). 


Car Tachometer (1) 


The timer receives pulses from the distri- 
butor points. Meter M receives a cali- 
brated current thru R6é when the timer 
output is high. After time out the meter 
receives no current for that part of the 
duty cycle. Integration of the variable 
duty cycle by the meter movement pro- 
vides a visible indication of engine speed 
(Figure 18). 
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SCHEMATIC OF SPEED WARNING DEVICE 


Figure 17a 


TACHOMETER 


IGNITION 
COIL 


DISTRIBUTOR 
POINTS 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 18 
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OPERATING WAVE FORMS OF 
SPEED WARNING DEVICE 


me | TTT 
ee VV 


PIN 8 


PIN 
12813 {_ 


' OUT 
PIN 9 


Figure 17b 


200K 
CALIBRATOR 
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Oscilloscope Trig 
Sweep | 


The 555 timer holds down the cost of adding a 
triggered sweep to an economy oscilloscope. 
The circuit’s input op amp triggers the timer, 
setting its flip-flop and cutting off its discharge 
transistor so that capacitor C can charge. 
When capacitor voltage reaches the timer’s 
control voltage (0.33V¢,), the flip-flop resets 
and the transistor conducts, discharging the 
capacitor (Figure 19). 


gered 


Greater linearity can be achieved by substi- 
tuting a constant current source for the fre- 
quency adjust resistor (R). 


S 


FROM 


VERTICAL 1M 


AMPLIFIER Sacceti Se anwar eee 
+Voc 100K 8 5 Voontro. SIGNETICS NE555 
SENSITIVITY KK 
ADJUST aly TO 
= +Veo COMPARATOR HORIZONTAL 
| | | | | | V V \ AMPLIFIER 
~Vee DISCHARGE J 
2 
+-——_——— dj COMPARATOR FLIP - FLOP ; 
100pF . : 
een 10K TRIGGER PULSE 
LL. LEVEL OUTPUT 
- ADJUST =e | 
1 Veer | 3 


ALL RESISTOR VALUES ARE IN OHMS 


Square Wave Tone Burst 
Generator (4) 


Depressing the pushbutton provides 
square-wave tone bursts whose duration 
depends on the duration for which the 
voltage at pin 4 exceeds a threshold. 
Components R1, R2 and C1 causes the 
astable action of the timer IC (Figure 6-20). 


Regulated DC-to-DC 
Converter (2) 


Regulated DC to DC converter produces 15V 
DC outputs from a +5V DC input. Line and 
load regulation is 0.1% (Figure 21). 


SCHEMATIC OF TRIGGERED SWEEP 


+ Veo 


2K 


| i ' 


Figure 19 


SQUARE WAVE TONE BURST GENERATOR 


Voc (5-15V) 


OUTPUT 
pees AS Rela Ms 
Voc (5-15V) 


1000pF 


ALL RESISTORS VALUES IN OHMS 
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Figure 20 


Voltage to Pulse Duration 
Converter (1) 


Voltage levels can be converted to pulse dura- 
tions by combining an op amp and a timer IC. 
Accuracies to better than 1% can be obtained 
with this circuit (a) and the output signals (b) 
still retain the original frequency, independent 
of the input voltage (Figure 22). 


1K FREQUENCY 
ADJUST 


+Voc 


10K 


+ Vec 
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REGULATED DC TO DC CONVERTER 


+ 15V UNREG 


REMOTE SHUTDOWN 
PEAK INVERSE 110V 


> 
1n20711 C4 
3 7 22uF 


35V 


ine 


SMC3359 1N2071 


—>| |+- 30nSEC 


ALL RESISTOR VALUES IN OHMS 


* SHAFER MAGNETICS 
COVINA, CALIF. 
(213) 331-3115 


Figure 21 


VOLTAGE-TO-PULSE-DURATION CONVERTER 


Veco +15 V O 


OFFSET PULSE GENERATOR 


7 
ADJUST 2 OR SYSTEM CLOCK aoee 


Vin #0 


Vout 
» FOR 


Vout 
FOR 


Vin = Vo 
Vo V4 
= = = * Vin IS LIMITED TO 2 


DIODE DROPS WITHIN 
GROUND OR BELOW 
ALL RESISTOR VALUES IN OHMS Voc 


Figure 22 


Servo System Stimulus Isolator (5) 
Controller (1) 

Stimulus isolator uses a photo-SCR and a 
To contro! a servo motor remotely, the 555 toroid for shaping pulses of up to 200V at 
needs only six extra components (Figure 6- 200uA (Figure 24). 
23). 


AN170 


O+15 V OUT 


O GND. OUT 


2N3644 


2N3644 | | 
R14 C12 


5.6 0.1pF 


O ~ 15 V OUT 


Voltage to Frequency 
Converter 


(0.2% Accuracy) (6) 


Linear voltage-to-frequency converter (a) 
achieves good linearity over the 0 to - 10V. Its 
mirror image (b) provides the same linearity 
over the 0-to + 10V range but is not DTL/TTL 
compatible (Figure 25a & b). 
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SERVO SYSTEM CONTROLLER 


NE544 
SERVO 
AMPLIFIER 


TO PIN & 
OF 543 


TRANSMITTER 


ALL RESISTOR VALUES IN OHMS 


TO CONTROL SURFACE 


Figure 23 


STIMULUS ISOLATOR 


GATED 
PULSE GEN. 


i 200 


| 


MONSANTO 
MCS 2 470K 


o~ 
ir 1000pF 


FERROX CUBE ~. 
2N4401 K300.500/3E 


10 


aa | PULSE 


out 
K o 1000pF 


aoe OO Ce er eee 
“POWER RATING DEPENDS ON DUTY CYCLE 


FROM 1/2W FOR 20-25% DUTY CYCLE TO 15-20W 
FOR 75-90% DUTY CYCLE 


ALL RESISTOR VALUES IN OHMS 


Figure 24 
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VOLTAGE-TO-FREQUENCY CONVERTER (0.2% ACCURACY) 


(AMELCO) 


RAMP OUTPUT 


18V 
Oo 


INPUT 
(J 


ALL RESISTOR VALUES IN OHMS 


Figure 25a 


Positive to Negative 
Converter (7) 


Transformeriess dc-dc converter derives a 
negative supply voltage from a positive. As a 
bonus the circuit also generates a clock 
signal. 


The negative output voltage tracks the dc 
input voltage linearity (a), but its magnitude is 
about 3V lower. Application of a 5002 load, 
(b), causes 10% change from the no-load 
value (Figure 26a, b, & c). 


NEGATIVE SUPPLY OUTPUT 


POSITIVE TO NEGATIVE CONVERTER 
Vec 2kH, CLOCK 
O ‘e) 


1234 56 7 8 9 10 1112 1314 15 
POSITIVE SUPPLY 
Figure 26b 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 26a 


Auto Burglar Alarm (8) 


Timer A produces a safeguard delay, allowing 
driver to disarm alarm and eliminating 
vulnerable outside control switch. The SCR 
prevents timer A from triggering timer B, 10K 
unless timer B is triggered by strategically LOAD RESISTANCE 

located sensor switches (Figure 27). 


Figure 26c 
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Cable Tester (9) : - AUTO BURGLAR ALARM 


Compact tester checks cables for open-circuit ON/OFF SLIDE SWITCH 

or short-circuit conditions. A differential tran- | ™ 
sistor pair at one end of each cable line 
remains balanced as long as the same clock ee 
pulse-generated by the timer IC - appears at 
both ends of the line. A clock pulse just at the 
clock end of the line lights green light-emitting 
diode, and a clock pulse only at the other end 
lights a red LED (Figure 28). 


OO O—— IGNITION 


Low Cost Line Receiver (10) 


The timer makes an excellent line receiver for 
control applications involving relatively slow 
electro-mechanical devices. It can work 
without special drivers over single unshielded PARALLEL 


lines (Figure 29). | co 


+ BAT O O 


TIMER SIGNETICS NE5S55 
ALL RESISTOR VALUES IN OHMS Figure 27 


CABLE TESTER 


INDICATORS 


MALE FEMALE 
CONNECTORS CONNECTORS 47K‘ 
— —— - CABLE LINE ONE- -—- — 


0.001 nF 


-- — ~CABLE LINE TWO- — — 


— —~ CABLE LINE THREE — — 


— — -CABLE LINE FOUR: — — 


0.001,.F 
_.. TO CASE AND 
CONNECTOR SHELLS 


: D, SILICON SIGNAL DIODE 
FAULT INDICATION D, 1-A SILICON DIODE 
Q, 200 mW-npn SILICON, 
2N2926 OR 1/22N2903 


PUSH TO 
TEST 


| | es 
O@ O—4i|— o+—® 
BATTERY 


RED; SHORT 
DARK? OK TIMER SIGNETICS NESSSV 


LED MONSANTO MV5491 
“YW RESISTORS 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 28 
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Temperature Control (11) 


LOW COST LINE RECEIVER 
Voc + 5V 


A couple of transistors and thermistor in the 
charging network of the 555-type timer enable 
INPUT 100K 8 


TIMER 
SIGNETICS 


a corresponding frequency output. The circuit 
is accurate to within +1 Hertz over a 78°F 
temperature range (Figure 30a & b). 


OUTPUT 
O 


2.2K STROBE 
LAWA—O 


ALL RESISTOR VALUES ARE IN OHMS 
Figure 29 


TEMPERATURE CONTROL 


Vog (5 - 15 Vde) 


this device to sense temperature and produce. 


Automobile Voltage 
Regulator (12) 


Monolithic 555-type timer is the heart of this 
simple automobile voltage regulator. When 
the timer is off so that its output (pin 3) is low, 
the power Darlington transistor pair is off. If 
battery voltage becomes too low (less than 
14.4 volts in this case), the timer turns on and 
the Darlington pair conducts (Figure 31). 


1 F ERROR ZONE 


rine, eee ere ntih eben 


TEMPERATURE (IN F) 
| 
& 6 


DEPARTURE OF FREQUENCY (IN Hz) FROM 
boyoteot 

ao 2 oO N 

ooo (8 


(POLY 
Lcarsonate) 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 30a 


AUTOMOBILE VOLTAGE REGULATOR 


TEMPERATURE (F) | 


Figure 30b 


TO BATTERY AND 


ALTERNATOR OUTPUT 
VIA FIELD RELAY AND 
IGNITION SWITCH 


TURN ON 
ADJUST 
20K 


POWER 
DARLINGTON 
MOTOROLA 
MJE 1090 


TO ALTERNATOR FIELD COIL 


-0.01pF 2 0.01uF 


TO COIL TERMINAL = 
ON STARTER RELAY 
FROM IGNITION SWITCH 


> 2.2K 
Ds 


[\ 1N5229 


2N5220°* 


ake 
* CAN BE ANY GENERAL PURPOSE > 
SILICON DIODES OR 1N4157 DEVICE 


** CAN BE ANY GENERAL PURPOSE 
SILICON TRANSISTOR 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 31 


> 
1 
> 1N4001 
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Switching Regulator (13) SWITCHING REGULATOR 
The basic regulator of Figure 32 is shown 
here with its associated timing and pulse 
generating circuitry. The block diagram illus- 
trates how the over-all regulator works. The 
multivibrator determines switching frequency, 
and the error amplifier adjusts the pulse width 
of the modulator to maintain output voltage at 
the desired level. The output resistor divider 
provides the sensing voltage. (Figure 35). 


DC-to-DC Converter (14) 


DIODE 


+5 V=— 1mH 


DC TO DC CONVERTER 


FILTER 
COMMUTATING 


POWER 
SWITCH AND 
DRIVER 


MODULATOR 


x 
- 
= 
= 
Ww 
n 
ad 
~ 
a 


ERROR 
AMPLIFIER 


Figure 33 


Audio Oscillator (14) 


PULSE WIDTH 
MODULATOR 
ERROR AMPLIFIER 


AUDIO OSCILLATOR 


+V 
Oo) 


ASTABLE 
MULTIVIBRATOR 
ASTABLE 
MULTI 
VIBRATOR 


ICs SIGNETICS 


‘=, Age 
Figure 34 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 35 
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Low Power Monostable 
Operation 


In battery operated equipment where 
load current is a significant factor figure 
36 can deliver 555 monostable operation 
at low standby power. This circuit inter- 
faces directly with CMOS 4000 series 


+12V 
O 
10K 
est 7 
Lt 
3 | 2N2222 | 
INPUT 0.01 pF | 2 e4- 
| 
| 
+12V | 
1 CMOS NAND | 
os 401B oy l 
Y | 
13 ta 
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100K a 1N914 


and 74L00 series. During the monostable 
time, the current drawn is 4.5mA for 
T = 1.1RC. The rest of the time the cur- 
rent drawn is less than 50uA. Circuit 
submitted by Karl Imhof, Executone 
Inc., Long Island City, NY. 


In other low power operations of the 
timer where Vcc is removed until! timing 


is needed, it is necessary to consider the 
output load. If the output is driving the 
base of a PNP transistor, for example, 
and its power is not removed, it will sink 
current into pin 3 to ground and use 
excessive power. Therefore, when driving 
these types of loads, one should recall 
this internal sinking path of the timer. 


en ahem ne macnn mye aap da 


LOW POWER MONOSTABLE 


em orm cnet cme en emer ene es eee se 


0+12V 


0.1,F 


Figure 36 


6. “Voltage to Frequency Converter Con- 
structed With Few Components is Accu- 
rate to 0.2%”, Chaim Kiement, Electronic 
Design, June 21, 1973, pp. 124. 


7. “ Positive Voltage Changed into Negative 
And No Transformer is Required’, Bert 
Pearl, Electronic Design, May 24, 1973, 
pp. 164. 


8. “Pair of IC Timers Sounds Auto Burglar 
Alarm’, Michael Harvey, E/ectronics, June 
21, 1973, pp. 131. 


9. “Timer !C’s And LEDs form Cable Tester’’, 
L. W. Herring, E/ectronics, May 10, 1973, 
pp. 115. 


OUTPUT 


10."1C Timer Can Function As Low Cost Line 
Receiver’, John Pate, E/ectronics, June 21, 
1973, pp. 132. 


11.“IC Timer Plus Thermister Can Control 
Temperature’, Donald Dekold, Electron- 
ics, June 21, 1973, pp. 132. 


12.“IC Timer Makes Economical Automobile 
Voltage Regulator’, T. J. Fusar, E/ectron- 
ics, February 21, 1974, pp. 100. 


13.’Switching Regulators, The Efficient Way 
to Power’, Robert Olla, Electronics, Au- 
gust 16, 1973, pp. 94-95. 


14.“Put The IC Timer To Work in A Myriad 
Of Ways’, Eugene Hnatek, EDN, March 5, 
1973, pp. 54-58. 
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INTRODUCTION 


The 558 is a monolithic Quad Timer designed 
to be used in the timing range from a few 
microseconds to a few hours. Four entirely 
independent timing functions can be 
acheived, using a timing resistor and capaci- 
tor for each section. Two sections of the quad 
may be interconnected for astable operation. 
All four sections may be used together, in tan- 
dem, for sequential timing applications up to 
several hours. No coupling capacitors are 
required when connecting the output of one 
timer section to the input of the next. 


FEATURES 


e 100mA OUTPUT CURRENT PER SEC- 
TION 


e EDGE TRIGGERED (NO COUPLING CA- 
PACITOR) 


@ OUTPUT INDEPENDENT OF TRIGGER 
CONDITIONS 


e WIDE SUPPLY VOLTAGE RANGE 4.5V 
TO 16V 


e TIMER INTERVALS FROM MICROSEC- 
ONDS TO HOURS 


e TIME PERIOD EQUALS RC 


CIRCUIT OPERATIONS 


In the one shot mode of operation, it 
is necessary to supply a minimum of 
two external components, the resistor 
and capacitor for timing. The time per- 
iod is equal to the product of R and C. 


An output load must be present to com-._ 


plete the circuit due to the output structure of 
the 558. 


For astable operation, it is desirable to cross 
couple two devices from the 558 Quad. The 


outputs are direct coupled to the opposite . 


trigger input. The duty cycle can be set by 
ratio of R,C, to RoC» from ciose to zero to 
almost 100%. An astable circuit using one 
timer is shown in Figure 5b. 
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OUTPUT STRUCTURE 558 


The 558 structure is open collector which 
requires a pull-up resistor to Vcc and is 
capable of sinking 100mA per unit but 
not to exceed the power dissipation and 
junction temperature rating of the die 
and package. The output is normally 
low and is switched high when triggered. 


RESET 


A reset function has been made available 
to reset all sections simultaneously to an 
output low state. During reset the trigger 
is disabled. After reset is finished, the 


trigger voltage must be taken high and. 


then low to implement triggering. 
The reset voltage must be brought be- 
low 0.8V to insure reset. 


THE CONTROL VOLTAGE 


The control voltage is also made available on 
the 558 timer. This allows the threshold volt- 
age to be modulated, therefore controlling the 


output pulse width and duty cycle with an 
external control voltage. The range of this 
control voltage is from about 0.5V to Vcc 
minus 1 volt. This will give a cycle time varia- 
tion of about 50:1. In a sequential timer with 
voltage controlled cycle time, the timing peri- 
ods remain proportional over the adjustment 
range. 


TEST BOARD FOR 558 


The circuit iayout can be used to test and 
characterize the 558 timer. S2 is used to con- 
nect the loads to either Vcc or ground. The 
main precaution, in layout of the 558 circuit, 
is the path of the discharge current from the 
timing capacitor to ground (pin 12). The path 
must be direct to pin 12 and not on the 
ground bus. This is to prevent voltage spikes 
on the ground bus return due to current 
switching transient. It is also wise to use good 
power supply by passing when large currents 
are being switched. 


558 TEST CIRCUIT 


LOAD 
SWITCH 


Figure 1 
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TEST BOARD LAYOUT 


LOAD 
° oO V, (558) 


/ ° 
/ GND (559) 


INPUTS 1 
fe) 


OUTPUTS 1 
° 


Figure 2a 


FOIL SIDE 


Figure 2b 
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558 TWO HOUR TIMER 


Vec TRIGGER | | 


| ———- T 4(RC) 2HRS. ———>| 


OUTPUT | | 


TRIGGERO 


O 
OUTPUT 


R 10M ae 


C 180,/F 


Figure 3 


558 SEQUENTIAL TIMER WITH VOLTAGE CONTROLLED CYCLE TIME (50:1 RANGE) 


TRIGGER || 
Ry OUTPUT 1 | t, | 


OUTPUT 2 


© OUTPUT 4 


OUTPUT 3 


: “L 


Loewy Rove] 
O 
OUTPUT 3 
em ANDY UP TO 50 1 RANGE —nni| 


— cone. OUTPUT 4 | th | 


NOTE 
t,, to, ty, ty remain proportional over entire adj. range. 


Figure 4 


MONOSTABLE OPERATION . | 558 ASTABLE OPERATION 
(ONE SHOT) (OSCILLATOR) 
Vcc . Ovcc 


@ ca 
ae a 558 VARIABLE FREQUENCY OSCILLATOR 
(a) WITH FIXED DUTY CYCLE 
a 


ee © outpur 


INCREASE 
FREQUENCY 


O) 
OUTPUT 


(c) 
Figure 5 
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TRIGGERS 


OUTPUT 1 OUTPUT 2 


NOT USED 


558 LONG-TIME DELAY 


© OUTPUT 4 


OUTPUT 3 


Figure 6 


558 RING COUNTER 


EXPECTED WAVEFORMS 


Figure 7 


AN174 


TRIGGER 
OUTPUT 1 | 


OUTPUT 2 é | 


OUTPUT 3 | 
—— Toztay ——> tT | 
OUTPUT 4 


Tpecay 3 (R.C.) 
Tourpur (R.C.) 
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A single section of the Quad time may 
be used as a non precision oscillator. The 
values given are for oscillation at about 
400Hz. T1 © R1Ci and T2 © 2.25 Re 
C2 for Vcc of 15 volts. The frequency 
of oscillation is subject to the changes 
in Vcc.. 


NE558 400 Hz SQUARE WAVE OSCILLATOR 


% Voc = 15V 


Figure 8 
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2.1 An Overview of the Phase Locked Loop (PPL) 
Portions of this Phase Locked Loop section were edited by Dr J.A. Connelly 


INTRODUCTION 

The basic phase locked loop (PLL) concept 
has been known and widely utilized since 
first being proposed in 1922 (1). Since that 
time PLLs have been used in instrumenta- 
tion, space telemetry, and many other appili- 
cations requiring a high degree of noise 
immunity and narrow bandwidth. Tech- 
niques and systems involved in these appili- 
cations frequently are quite complex, 
requiring a high degree of sophistication. 
Many of the PLL applications have been at 
microwave frequencies and employ com- 
plex phase shifters, signa! splitters, modu- 
lation, and demodulation schemes ‘such as 
biphase and quadraphase. Because of the 
high frequencies invoived in microwave ap- 
plications, most all components of these 
PLL systems are made from discrete as op- 
posed to integrated circuits. However in 
other communication system applications 
such as FSK and FM and AM demodulation 
where frequencies are below approximately 
100MHz, monolithic PLLs have found wide 
application because of their low cost ver- 
sus high performance. 


A block diagram representation of a PLL is 
shown in Figure 1. Phase locked loops 
operate by producing an oscillator frequency 
to match the frequency of an input signal, f,. 
In this locked condition, any slight change in f, 
first appears as a change in phase between f; 
and the oscillator frequency. This phase shift 
then acts as an error signal to change the fre- 
quency of the local PLL oscillator to match f,. 
The locking onto a phase relationship 
between f, and the local oscillator accounts 
for the name phase locked !oop. 


A MECHANICAL ANALOG 

TO THE PLL 

To better visualize the frequency and phase 
relationships in a PLL, consider the mechani- 
cal system shown in Figure 2 which is a dual 
to the electronic PLL. This mechanical sys- 
tem has two identical, heavy disks with two 
separate center shafts attached to each disk. 
Each staft is presumed to be mounted on a 
bearing that allows each massive disk to be 
rotated in either direction when some external 
force is applied. The shafts are coupled 
together by a spring whose end points are 
fixed to each shaft. This spring can be twisted 
in either direction depending upon the rela- 
tive positions of the shafts. The spring cannot 
‘‘kink up” due to the shafts passing through 
the center of the spring. 


Now suppose the sequence of events shown 
on Figure 3 occurs to the mechanical system. 
The disks are simply represented like clock 
faces with positional reference markers. 
Initally both disks are stationary in a neutral 
position. Then the left disk, or input, is 
advanced slowly clockwise through an angle 
6, from the neutral position. The right disk, or 
output, initially doesn’t move as the spring 
begins to tighten. As the input continues to 
move and when it reaches Oz, the output disk 
just begins to turn and tracks the input with a 
positional phase shift error of 


Oe = 82. (1) 


At any point in time with both disks slowly 
turning at the same speed, there will be 
some inherent phase error between the 
disks, or 


O, = 03 - 04. (2) 


This positional phase error in the mechanical 
system is analogous to the phase error in the 
electronic PLL. When the input disk coasts to 
a stop, the output also gradually comes to a 
Stop with a fixed phase error equal to that in 
Equation 2 or 


Og = O5 ~ Og = 93 - Og. (3) 


The spring has a residual stored twist in one 
direction due to Og. 


Now consider that the disks are first re- 
turned to their neutral positions. Then the in- 
put disk is instantaneously rotated through 
an angle of 0; as shown in Figure 4. The 
output disk can’t respond instantaneously 
because of its large mass. It doesn't move 
instantaneously and the spring develops 
considerable torque. Then as shown in the 
sequence of events in Figure 4, the output 
disk begins accelerating after some delay 
due to the large phase error. It swings past 
the stopped position of the input disk due to 
its momentum, reaches a peak overshoot, 
and gradually oscillates about 0; with a 
damped response, finally coming to rest 
with some small residual phase error. The 
input twist of 0; represents the application 
of a step of position or phase to the system, 
and the response of the output disk is typi- 
cal for a second-order, under-damped sys- 
tem. This same type of second-order 
behavior occurs in the PLL system for an in- 
stantaneous change of input phase. 


As a final example, consider the events in 
Figure 5 where both disks are rotating at 
a constant rate. Applying a strobing light 
(strobotac) simultaneously to both disks 


INPUT 


OUTPUT 


vat) 


Fy 


“| 


Volt) 


| PARAMETERS |" 


Figure 1 


BLOCK DIAGRAM OF A PHASE LOCKED LOOP 


VOLTAGE 
CONTROLIED 
OSCILLATOR 
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Figure 2 


DISK SEQUENCE SHOWING OUTPUT 


MECHANICAL ANALOG TO PLL 


TRACKING INPUT WITH PHASE ERROR 


INPUT ACTION 


NEUTRAL 


MOVED SLOWLY 
CLOCKWISE TO 6, 


STILL MOVING 
SLOWLY CW 


STILL MOVING SLOWLY ( Ge 


STOPPED 


Figure 3 
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OUTPUT 


OUTPUT RESPONSE 


NEUTRAL 


SPRING TIGHTENING 
BUT OUTPUT HASN'T 
MOVED. 2 


JUST STARTING TO 
MOVE CW 


TRACKING INPUT WITH 
SAME SPEED BUT WITH 
LAGGING POSITION. 


STOPPED WITH STORED 
TWIST IN SPRING. 


and adjusting its flashing rate to one flash 


_ per disk rotation will cause the positional 
_ markers to appear stationary. There will be 


a constant phase error in this case just as 
there was in Figure 3. Now suppose the 
revolution rate of the input disk gradually in- 
creases by a small amount to a new rate. 
The positional marker will appear to walk 
around the disk. The output first senses the 
increased rate of the input through an in- 
crease in the phase error. Then, after some 
delay, the rate of the output gradually in- 
creases to track the input. Both positional 
markers appear to be walking around each 
disk at the same rate until the strobotac is 
adjusted for the higher input and output 
rate. Then the strobe light again freezes the 
markers, producing a phase error at this 
higher rate that is larger than before the in- 
put rate was increased. This gradual in- 
crease in the input rate to the mechanical 
system simulates a ramp change in the in- 
put frequency to the PLL system. The re- 
sponse .to the output disk simulates the 
behavior of the oscillator in the PLL. 


if the rate of the input disk is alternately in- 
creased and decreased by some small 
amount compared to the nominal revolution 
rate, the positional markers will appear to 
walk both clockwise and counter clock- 
wise, momentarily appearing stationary 
when the strobing light rate equals the disk 
revolution rate. This “walking” represents a 
changing phase error which is occurring at 
the modulation rate. Thus the phase error 
can be thought of as a useable demodulat- 
ed output signal. — 


The disk-spring mechanical system is a 
helpful analog for visualizing frequency, 
phase, transient, and steady-state re- 
sponses in the electronic phase locked 
loop system. In this example, the positions 
of the disk marker and rotation rates are 
analogous to phase and frequency in the 
electronic PLL system. The spring acts as a 
phase comparator to constantly sense the 
relative positions or phases of the disks. 
The torque developed in this spring acts as 
the driving force or input signal to turn the 
second disk. 


Thus the spring torque simulates a voltage 
which controls the rate or frequency of the 
output disk or oscillator. Hence the second 
disk is analogous to a voltage-controlled 


- oscillator (VCO). The large mass of the 


disks together with their angular momentum 
slows down the systems response time and 
simulates a low-pass filter in the electronic 
PLL system. This describes the lagging of 


the VCO free-running frequency to the input 


signal in an analog phase locked loop. 
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EXAMPLES OF PLL APPLICATIONS 
Now consider the action of the voltage con- 
trolled oscillator, phase comparator and 
low pass filter in the PLL. The VCO gener- 
ates a signal that is periodic. Normally, the 
rate or frequency of the VCO is primarily de- 
termined by the value of a capacitance con- 
nected to this oscillator. This action of 
starting the VCO running by itself is analo- 
gous to disconnecting the spring from one 
of the shafts in the mechanical system and 
starting the output disk rotating at a con- 
stant rate through some external means 
such as a motor. In the PLL system this fre- 
quency is called the oscillator’s free run- 
ning frequency, (fo), because it occurs 
when the system is unlocked and there is no 
coupling between input and output frequen- 
cies. With the PLL, the VCO frequency can 
be shifted above and below f,’ by applying 
a voltage to the optional fine tune input. *° 
This signal generator property is just one of 
the many uses of the PLL. Specifically with 
integrated circuit PLLs, frequency ranges 
from less than 1.0Hz to more than SOMHz 
can be produced just by selecting the right 
value of capacitance from a chart on the 
data sheet. 


Selecting fo’ and then changing it by a con- 
trol voltage makes the VCO well suited for 
converting digital data that is represented 
by two different voltage levels into two dif- 
ferent frequencies. A “1” voltage level can 
be related to a frequency called a mark, and 
an “O” level to a frequency called a space. 
This technique called frequency shift key- 
ing, or (FSK), is typical of data being trans- 
mitted over telephone and radio links where 
it is impractical to use dc voltage level 
shifts. Essentially this is what a modem 
(modulator-demodulator) does as it con- 
verts data to tones to go out of the system 
into a transmission link. Then it reverses the 
process and converts received tones to 
“1”’s and “O”’s at the receiver for the sys- 
tem to use. Sometimes confusion arises be- 
cause different names are used for the 
same thing. For example, 


A shift up in frequency = “1” = Mark 
A shift down in frequency = “O” = Space 


If voice or music is applied to the VCO in- 
stead of digital data, the oscillator’s fre- 
quency will move or modulate with the voice 
or music. This is frequency modulation (FM) 
and is simply moving the frequency in rela- 
tion to some input voltage which represents 
intelligence. Of course as in the modem 
case the process has to be reversed and 
the PLL can do this also. The PLL is a com- 
plete working system that can be used to 


*Some oscillators have frequencies controlled by an input 
current rather than a voltage and are referred to as cur- 
rent-controlled oscillators (CCQ). 


DISK SEQUENCE SHOWING OUTPUT 
RESPONSE TO A SUDDEN POSITION INPUT 


INPUT ACTION OUTPUT OUTPUT ACTION 


NEUTRAL NEUTRAL 


INSTANTANEOUSLY 
MOVED TO 64 
AND STOPPED 


BUT SPRING DEVELOPS 
LOTS OF TWiST. 


> 
= 


C) INITIALLY STATIONARY 
\ 


BEGINS MOVING WITH 
ACCELERATION 


STATIONARY 


MOMENTUM OF DISK 
PUSHES POSITION PASE 
(}4 OF STOPPED INPUT 


STATIONARY 


REACHES POINT OF PEAK 
OVERSHOOT AND BEGINS 
ACCELERATION IN CCW 
DIRECTION. 


STATIONARY 


PASSES POSITION OF 
STOPPED INPUT BUT 


TATIONARY 
. WITH LESS OVERSHOOT. 


OSCILLATES ABOUT 4, 
FINALLY COMING TO 
REST WITH SOME 
PHASE ERROR 


STATIONARY 


o) 
d 
G) 
G) 
@) 
G) 
G) 


Figure 4 


DISK SEQUENCE SHOWING OUTPUT 
BEHAVIOR DUE TO CHANGES IN INPUT SPEED 


INSPECTION INPUT OUTPUT OUTPUT RESPONSE 


ROTATING ATA 
CONSTANT RATE ROTATING AT THE SAME 


RATE (FREQUENCY) AS INPUT. 


SYNCHRONIZED STROBE 

LIGHT "FREEZES" POSITION THERE IS A CONSTANT 
MARKERS SO THEY APPEAR PHASE ERROR BETWEEN 
STATIONARY. (INPUT AND OUTPUT. 


SPEED GRADUALLY INCREASES 

BY A SMALL AMOUNT TO A BEGINS TO ADVANCE Cw 
NEW RATE. MARKER GRAD- AFTER SOME DELAY. 
UALLY ADVANCES Cw. 


SPEED NOW CONSTANT AT 

A HIGHER RATE THAN PHASE ERROR NOW GREATER 
BEFORE. STROBE RATE THAN FOR LOWER SPEED 
ALSO INCREASED TO CONDITION. 

FREEZE MARKERS © 
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send and receive signals. In fact the PLL 
can create the signal, or select a signal, de- 
code it and reproduce it. Now let’s look at 
how this works. | 


The VCO is connected to a section where 
its frequency is put together with an incom- 
ing signal or signals. In a radio this is known 
as a “mixer” where signals are mixed to- 
gether. Ina PLL it is usually called a Phase 
Comparator. Other names for this function 
are phase detector or multiplier - either 
analog or digital. (Differences between ana- 
log and digital phase comparators will be 
explained later in this chapter). The pur- 
pose of this phase comparator is to pro- 
duce an output which represents how far 
the VCO frequency is from that of the in- 
coming signal. Comparing these frequen- 
cies and producing an error signal 
proportional to their difference allows the 
VCO frequency to shift from fo’ and become 
the same frequency as the input signal. This 
is exactly what happens with the VCO fre- 
quency - first “capturing” the input frequen- 
cy, and then locking onto it. A similar type 
action can be visualized in the mechanical! 
system by having the coupling spring dis- 
connected at one end with the two disks ro- 
tating at different rates. When their rotation 
rates are approximately equal, the spring is 
suddenly connected, and the output disk’s 
speed will gradually become equal to and 
track the inputs rate as in Figure 1.5. 


When the VCO shifts frequency and locks 
to the input, the signal frequency is dupli- 
cated. If the input signal contains static or 
noise, the VCO output will be an exact re- 
production of the signal frequency without 
the static or noise. Thus the PLL has ac- 
complished signal reconditioning or recon- 
Stitution. ; 


The error signal used to keep the VCO ex- 
actly synchronized with an incoming signal 
can be amplified, filtered, and used to 
“clock” the signal or give synchronizing in- 
formation necessary to look at the signal. 
For example, in some digital memories and 
transmission systems, data are stored in a 
code and looked at or strobed at a rate 
which must be synchronized to the data. 
This strobing may be at twice or one-half 
the data rate. By setting fg’ equal to twice 
or one-half the data rate, the PLL will lock 
to the data and give an exact synchronized 
clock. This shows another application of 
the PLL for multiplying or dividing frequen- 
cies. 


PLLs can separate a signal of one frequen- 
cy from among many others as for example 
is done in television and radio reception. 
This selectivity or capture range is con- 
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trolled in the PLL by the low-pass filter 
(LPF) which allows the PLL to only see sig- 
nals close to the frequency of interest. The 
time constant of the LPF is set easily by the 
selection of a resistor and capacitor net- 
work. This network determines how far 
away in frequency an input signal can be 
from fo’ and still permit the PLL to respond 
and capture. Once locking is activated, the 
PLL system will continue to track the input 
frequency unless the instantaneous phase 
error exceeds the systems capability. 


The error signal which drives the VCO and 
keeps the system locked is a usable output. 
In the FSK example the oscillator’s frequen- 
cy is shifted with each “1” or “O” digital in- 
put. Converting these frequency shifts back 
to the “1” and “O” signals automatically oc- 
curs in a PLL because a mark input gener- 
ates an error signal to move the VCO up to 
that frequency. When the mark changes to 
a space, the error signal jumps suddenly 
down, forcing the VCO to follow. The error 
signal then is exactly the data that generat- 
ed the FSK signals. A PLL for FSK can con- 
vert data to tones for transmission to a 
remote point. Then another PLL can recon- 
vert the data tones back to voltage levels, 
all without tuned circuits. 


The PLL system decodes FM signals in a 
similar way. The frequency variations 


caused by voltages from a microphone into: 


one VCO serve as the input signal to an- 
other PLL which reverses the action since 
the error signal driving the second PLLs 
VCO is exactly the same as the original mi- 
crophone voltage. 


Decoding of an amplitude modulated (AM) 
input signal is another application of the 
PLL. This application is more involved than 
FM demodulation because a phase shift 
network, a second phase comparator, and 
another low-pass filter are required. This 
application is discussed in detail later in 
Chapters 4 and 5. However, it should be 
pointed out that AM demodulation with PLLs 
offers improved system linearity than the 
more commonly employed technique of non- 
linear diode detection. Tone decoding is a 


special case of AM demodulation. When. 


performed with PLLs, the second phase 
comparator is called a quadrature phase 
detector (QPD). The QPD produces a maxi- 
mum output error voltage whenever the in- 
put and oscillator frequencies are locked to 
the free-running frequency, fo, unlike the 


regular phase comparator which has a. 


nominal zero error voltage under this same 
condition. 


These application examples show that with 
the PLL is a system that can: 
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1 Generate a signal 

2 Modulate a signal (encode) 

3 Select a signal from among many 

4 Demodulate (decode) 

5 Recreate (reconstitute) a signal frequen- 
cy with reduced noise 

6 Multiply and divide frequency 


TYPES OF PLLS 


Generally speaking the monolithic PLLs can 
be classified into two groups ~ digital and 
analog. While both perform as PLLs, the 
digital circuits are more suitable for syn- 
chronization of digital signals, clock recov- 
ery from encoded digital data streams, and 
other digital applications. Analog monolith- 
ic PLLs are used quite extensively in com- 
munication systems since they maintain 
linear relationships between input and out- 
put quantities. 


The phase comparator is perhaps the most 
important part of the PLL system since it is 
here that the input and VCO frequencies are 
simultaneously compared. Some _ digital 
PLLs employ a two-input Exclusive-Or gate 
as the phase comparator. When the digital 
loop is locked to f,’, there is an inherent 
phase error of 90° that is represented by 
asymmetry in the output waveform. Also the 
phase comparators output has a frequency 
component of twice the reference frequen- 
cy. Because of the large logic voltage 
swings in digital systems, extensive filtering 
must be performed to remove the harmonic 
frequencies. For this reason, other types of 
digital phase comparators achieve locking 
by synchronizing the “edges” of the input 
and VCO frequency waveshapes. The 
phase comparator produces an error volt- 
age that is proportional to the time differ- 
ence between the edges, i.e., the phase 
error. This edge-triggering technique for the 
phase comparator produces lower output 
noise than with the Exclusive-Or approach. 
However time jitter on the input and VCO 
frequencies is translated into phase error 
jitter that may require additional filtering 
within the loop. 


Triggering on the edges of digital signals 
means that only frequency (or period) is im- 
portant and not duty cycle. This is a key 
consideration in PLL applications utilizing 
counters where waveshapes usually aren't 
symmetrical, i.e., 50% duty cycle. For the 
TTL family, it is easier to provide the edge 
matching function on the falling edges (“1”" 
to “O”) transition of the waveform. CMOS, 
i2L, and ECL are better suited for leading 
edge triggering (“O” to “1”). . 


Analog PLLs utilize a phase comparator 
which functions as a four-quadrant analog 
multiplier to mix the input and VCO signals. 
Since this mixing is true analog multiplica- 
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tion, the phase comparators output is a 
function of input and VCO signal amplitudes, 
frequencies, phase relationships, and duty 
cycles. The inherent linearity afforded by 
this analog multiplication makes the mono- 
lithic analog PLL well suited for many gener- 
al purpose and communication system 
applications. 


Another way of distinguishing between digi- 
tal and analog phase comparators is by 
thinking of the similarities and differences 
between voltage comparators and oper- 
ational amplifiers. Voltage comparators are 
specially designed for digital applications 
where response time between output levels 
has been minimized at the expense of sys- 
tem linearity. Feedback is seldom used to 
maintain linear system relationships, with 
the comparator normally running open loop. 
Op amps, on the other hand, are designed 
for a linear input-output relationship, with 
negative feedback being employed to fur- 
ther improve the system linearity. 


PLL TERMINOLOGY 
The following is a brief glossary of frequent- 
ly encountered terms in PLL literature. 


Free-running Frequency (fo, wo’). 

Also called the center frequency, this is the 
frequency at which the loop VCO operates 
when not locked to an input signal. The 
“prime” superscripts are used to distin- 
guish the free-running frequency from fo and 
Wo which are used for the general oscillator 
frequency. (Many references use fo and wo 
for both the free-running and general oscil- 
lator frequency and leave the proper choice 
for the reader to infer from the context). The 
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appropriate units for fo ’ and wo’ are Hz and 
radians per second respectively. 


Lock Range (2 f,, 2w,).° 

The range of frequencies over which the 
loop will remain in lock. Normally the lock 
range is centered at the free-running fre- 
quency unless there is some nonlinearity in 
the system which limits the frequency devi- 
ation on one side of fg’. The deviations from 
fo’ are referred to as the Tracking Range or 
Hold-in Range. (See Figure 1.6). The track- 
ing range is therefore one-half of the lock 
range. 


Capture Range (2 fo, 2wc).** 

Although the loop will remain in lock 
throughout its lock range, it may not be able 
to acquire lock at the tracking range ex- 
tremes because of the selectivity afforded 
by the low-pass filter. The capture range 
also is centered at fo ‘ with the equal devi- 
ations called the Lock-in or Pull-in Ranges. 
The capture range can never exceed the lock 
range. 


Lock-up Time (t,).*** 

The transient time required for a free run- 
ning loop to lock. This time depends princi- 
pally upon the bandwidth — selectivity 
designed into the loop with the low-pass fil- 
ter. The lock-up time is inversely proportional 
to the selectivity bandwidth. Also, lock- 
up time exhibits a statistical spreading due 
to random initial phase relationships be- 
tween the input and oscillator phases. 


Phase Comparator Conversion Gain (Kq). 

The conversion constant relating the phase 
comparators output voltage to the phase 
difference between input and VCO signals 
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when the loop is locked. At low input signal 
levels, Kq is also a function of signal ampli- 
tude. Kg has units of volts per radian 
(V/rad). 


VCO Conversion Gain (Ko). 

The conversion constant relating the oscil- 
lators frequency shift from fo’ to the applied 
input voltage. Ky has units of radians per 
second per volt (rad/sec/volt). Ko is a lin- 
ear function of wo’ and must be obtained us- 
ing a formula or graph provided or 
experimentally measured at the desired 
Wo. 

Loop Gain (Ky) 

The product of Kg, Ko, and the low-pass fil- 
ters gain at dc. Kq is evaluated at the ap- 
propriate input signal level and Ko at the 
appropriate wo’. Ky has units of (sec)-1, 


Closed Loop Gain (CLG) 

The output signal frequency and phase can 
be determined from a product of the CLG 
and the input signal where the CLG is given 
by 


Ky 


® 


Natural Frequency (wn). | 

The characteristic frequency of the loop, 
determined mathematically by the final pole 
positions in the complex plane or deter- 
mined experimentally as the modulation fre- 
quency for which an underdamped loop 


gives the maximum frequency deviation 


from f,’ and at which the phase error swing 
is the greatest. 


Damping Factor (£). 

The standard damping constant of a second 
order feedback system. For the PLL, ¢ re- 
fers to the ability of the loop to respond 
quickly to an input frequency step without 
excessive overshoot. 


Loop Noise Bandwidth (B,). 

A loop property relating w,_, and £ which 
describes the effective bandwidth of the 
received signal. Noise and signal compo- 
nents outside this bandwidth are greatly at- 
tenuated. 


* Also called Synchronization Range. 
** Also called Acquisition Range. 
** *Also called Acquisition Time. 


8-83 


8 


LINEAR LS! PRODUCTS 


MODELING THE PLL 


AN178 


INTRODUCTION | 

The phase locked loop is a feedback system 
comprised of a phase comparator, a low pass 
filter and an error amplifier in the forward sig- 
nal path and a voitage-controlled oscillator 
(VCO) in the feedback path. The block dia- 
gram of a basic PLL system is shown in Fig- 
ure 1. Perhaps the single most important 
point to realize when designing with the PLL 
is that it is a feedback system and, hence, is 
characterized mathematically by the same 
equations that apply to other, more conven- 
tional feedback systems. However, the para- 
meters in the equations are somewhat differ- 
ent since the feedback error signal in the 
phase locked system is a phase rather than a 
current or voltage signal, as is usually the 
case in conventional feedback systems. 


PHASE LOCKED LOOP OPERATION 


The basic principle of the PLL operation 
can be briefly explained as follows: 


With no signal input applied to the system, 
the VCO control voltage Vag(t) is equal to 
zero. The VCO operates at a set frequency, 
fo’ (or the equivalent radian frequency w.’) 
which is known as the free-running frequen- 
cy. When an input signal is applied to the 
system, the phase comparator compares 
the phase and the frequency of the input 
with the VCO frequency and generates an 
error voltage V,(t) that is related to the 
phase and the frequency difference be- 
tween the two signals. This error voltage is 
then filtered, amplified, and applied to the 
control terminal of the VCO. In this manner, 
the contro! voltage Vq(t) forces the VCO 
frequency to vary in a direction that reduces 
tive frequency difference between wo and 
the input signal. if the input frequency w; is 
sufficiently close to wo, the feedback na- 
ture of the PLL causes the VCO to synchro- 
nize or lock with the incoming signal. Once 
in lock, the VCO frequency is identical to 
the input signal except for a finite phase dif- 
ference. 


This net phase difference of Og where 
Oe = O ~ 9 (1) 


is necessary to generate the corrective er- 
ror voltage Vq to shift the VCO frequency 
from its free-running value to the input signa! 
frequency w | and, thus, keep the PLL in 
lock. This self-correcting ability of the sys- 
tem also allows the PLL to track the fre- 
quency changes of the input signal once it is 
locked. The range of frequencies over 
which the PLL can maintain lock with an in- 
put signal is defined as the “lock range” of 
the system. The band of frequencies over 
which the PLL can acquire lock with an in- 
coming signal is. known as the “capture 
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range” of the system and is never greater 
than the lock range. 


Another means of describing the operation of 
the PLL is to observe that the phase compara- 
tor is in actuality a multiplier circuit that mixes 
the input signal with the VCO signal. This mix 
produces the sum and difference frequencies 
w; + Wo Shown in Figure 1. When the loop in in 
lock, the VCO duplicates the input frequency 
so that the difference frequency component 
(w; * wo) is zero; hence, the output of the phase 
comparator contains only a de component. 
The low pass filter removes the sum fre- 
quency component (w; + w,) but passes the 
dc component which is then amplified and fed 
back to the VCO. Notice that when the loop is 
in lock, the difference frequency component 
is always dc, so the lock range is independent 
of the band edge of the low pass filter. 


LOCK AND CAPTURE 

Consider now the case where the loop is 
not yet in lock. The phase comparator again 
mixes the input and VCO signals to produce 
sum and difference frequency components. 
However, the difference component may fall 
outside the band edge of the low pass filter 
and be removed along with the sum frequen- 
cy component. If this is the case, no infor- 
mation is transmitted around the loop and 
the VCO remains at its initial free-running 
frequency. As the input frequency ap- 
proaches that of the VCO, the frequency of 
the difference component decreases and 
approaches the band edge of the low pass 
filter. Now some of the différence compo- 
nent is passed, which tends to drive the 
VCO towards the frequency of the input sig- 
nal. This, in turn, decreases the frequency 
of the difference component and allows 
more information to be transmitted through 
the low pass filter to the VCO. This is es- 
sentially a positive feedback mechanism 
which causes the VCO to snap into lock 


with the input signal. With this mechanism in 
mind, the term “capture range” can again 
be defined as the frequency range centered 
about the VCO initial free-running frequency 
over which the loop can acquire lock with 
the input signal. The capture range is a 
measure of how close the input signal must 
be in frequency to that of the VCO to ac- 
quire lock. The “capture range” can assume 
any value within the lock range and de- 
pends primarily upon the band edge of the 
low pass filter together with the closed loop 
gain of the system. It is this signal capturing 
phenomenon which gives the loop its fre- 
quency selective properties. 


It is important to distinguish the “capture 
range” from the “lock range” which can, 
again, be defined as the frequency range 
usually centered about the VCO initial free- 
running frequency over which the loop can 
track the input signal once lock has been 
achieved. 


When the loop is in lock, the difference fre- 
quency component at the output of the 
phase comparator (error voltage) is dc and 
will always be passed by the low pass filter. 
Thus, the lock range is limited by the range 
of error voltage that can be generated and 
the corresponding VCO frequency deviation 
produced. The lock range is essentially a 
dc parameter and is not affected by the 


' band edge of the !fow pass filter. 


THE CAPTURE TRANSIENT 

The capture process is highly complex and 
does not lend itself to simple mathematical 
analysis. However, a qualitative description 
of the capture mechanism may be given as 
follows. Since frequency is the time deriva- 
tive of phase, the frequency and the phase 
errors in the loop can be related as 


dO 


Aw = or: a (2) 
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ASYNCHRONOUS ERROR BEAT FREQUENCY 


DURING THE CAPTURE PROCESS: 


ere arene et an ante ce A A Nh 


(A) VCO CONTROL VOLTAGE VARIATION 
DURING CAPTURE TRANSIENT 


QUIESCENT 


OC 
LEVEL 
Viqets ns 
~“\r LOCKEO OL LEVEL 


ie od 


(B) OSCILLOGRAM SHOWING A CAPTURE PROCESS 


FREQUENCY 


+ 


se nennenyrint be ment emntnn 


pase ane fe, sc EER OSes 
INPUT MODULATION 
OUTBAND 


INBANO FREQUENCY 


Figure 2 


0 A aOR ee AAAI open Aree ml ny eg ed i ttntnrnst ware ARAN A Teed lyse ohn tense Stgte satnnnenne sR Seema nt ot 


et ttt 0A AAACN Et ip ap eee LALA an Ene nnn kanerone! enamiirymsiniansnnmas nay treet nt 4 eter orem ntanintrennsie tren Ata rnY eete meng sene. ne Ya nee 


EXHIBITED BY FIRST ORDER LOOP 
FAST CAPTURE TRANSIENT 


VEG OUTPUT 


INPUT SIGNAL 
mere Ke BURST 


es 


where Aw is the instantaneous frequency 
separation between the signal and VCO fre- 
quencies and 0g is the phase difference be- 
tween the input signal and VCO signals. 


If the feedback loop of the PLL were 
opened between the low pass filter and the 
VCO control input, then for a given condition 
of we and w; the phase comparator output 
would be a Sinusoidal beat note at a fixed 
frequency Aw. If oj and wo were sufficiently 
close in frequency, this beat note would ap- 
pear at the filter output with negligible at- 
tenuation. 


Figure 3 


Now suppose that the feedback loop is 
closed by connecting the low pass filter out- 
put to the VCO controi terminal. The VCO 
frequency will be modulated by the beat 
note. When this happens, Aw itself will be- 
come a function of time. If during this modu- 
lation process, the VCO frequency moves 
closer to w; (i.e., decreasing Aw), then 

_ decreases and the output of the 


phase comparator becomes a slowly vary- 
ing function of time. Similarly, if the VCO is 


d@e increases 
dt 


modulated away from aj, 


and the error voltage becomes a rapidly vary- 
ing function of time. Under this condition the 
beat note waveform no longer looks sinusoi- 
dal; it looks like a series of aperiodic cusps, 
depicted schematically in Figure 2(a). 
Because of its asymmetry, the beat note 
waveform contains a finite dc component that 
pushes the average value of the VCO toward 
w;, and lock is established. When the system 
is in lock, Aw is equal to zero and only a 
steady-state dc error voltage remains. 


Figure 2(b) displays an oscillogram of the loop 
error voltage V,(t) in an actual PLL system 
during the capture process. Note that as lock 
is approached, Aw is reduced, the low pass 
filter attenuation becomes less, and the 
amplitude of the beat note increases. 


The total time taken by the PLL to establish 
lock is called the pull-in time. Pull-in time 
depends on the initial frequency and phase 
differences between the two signals as well 
as on the overall loop gain and the low pass 
filter bandwidth. Under certain conditions, 
the pull-in time may be shorter than the peri- 
od of the beat note and the loop can lock 
without an oscillatory error transient. 


A specific case to illustrate this is shown in 
Figure 3. The 565 PLL is shown acquiring 
lock within the first cycle of the input signal. 
The PLL was able to capture in this short time 
because it was Operated as a first order loop 
(no low pass filter) and the input tone-burst 
frequency was within its lock and capture 
range. 


EFFECT OF THE LOW 
PASS FILTER 


in the operation of the loop, the low pass filter 
serves a dual function: 


First, by attenuating the high frequency error 
components at the output of the phase com- 
parator, it enhances the interference-rejection 
characteristics; second, it provides a short- 
term memory for the PLL and ensures a rapid 
recapture of the signal if the system is thrown 
out of lock due to a noise transient. Decreas- 
ing tne low pass filter bandwidth has the fol- 
lowing effects on system performance: (Long 
Time Constant). 


a The capture process becomes slower, 
and the puli-in time increases. 

b The capture range decreases. 

c Interference-rejection properties of the 
PLL improve since the error voltage 
caused by an interfering frequency is at- 
tenuated further by the low pass filter. 

d The transient response of the loop (the 
response of the PLL to sudden changes 
of the input frequency within the capture 
range) becomes underdamped. 
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The last effect also produces a practical 
limitation on the low pass loop filter band- 
width and roll-off characteristics from a sta- 
bility standpoint. These points will be 
explained further in the following analysis. 


MATHEMATICALLY DEFINING PLL. 
OPERATION 


As mentioned previously, the phase compara- 


tor is basically an analog multiplier that forms 
the product of an RF input signal, v((t), and 
the output signal, v,(t), from the VCO. Refer 
to Figure 1 and assume that the two signals to 
' be multiplied can be described by 


vi(t) = Vj sin wit (3) 
Vo(t) = Vo sin (wot + Oe) (4) 


where wj, wy, and Og are the frequency and 
phase difference (or phase error) charac- 
teristics of interest. The product of these 
two signals is an output voltage given by 


Ve(t) = Kz VjVo(sin wt) [sin (wot + Og)] 
(5) 


where Ky is an appropriate dimensional 
constant. Note that the amplitude of vg(t) is 
directly proportional to the amplitude of the 
input signal Vj. The two cases of an. un- 
locked loop (wj # wo) and of a locked loop 
(w) = wo) are now considered separately. 


Unlocked State (w) # wo) 


When the two frequencies to the phase com- 
parator are not synchronized, the loop is not 
locked. Furthermore the phase angle differ- 
ence 0, in Equations 4 and 5 is meaningless 
for this case since it can be eliminated by 
appropriately choosing the time origin. 


Using trigonometric identities, Equation 5 can. 


be rewritten as 


1ViVo 


Ve(t) = : [cos(wj — wo)t 


— cos(wj + wo)t] | (6) 


When vet) is passed through the low pass 
filter, F(s), the sum frequency component is 
removed, leaving | 

ve(t) = KoViVocos (uj — wo)t ithe AL) 


where Ko is.a constant. After amplification, 
the control voltage for the VCO appears as 


Vd(t) = AKoViVocos (wj — wo)t (8) 


This equation shows that a beat frequency 
effect is established between wu; and wo, 
causing the VCOs frequency to deviate by 
+ Aw from we’ in proportion to the signal 
amplitude (AKaVjV>) passing through the 
filter. If the amplitude of Vj is sufficiently 
large and if signal limiting or saturation 
does not occur, the VCO output frequency 


8-86 


AN178 


LINEAR MODEL OF PLL SYSTEM 


VOLTS 
RADIAN 


Ko RADIANS 
Ss VOLT- SEC. 


Figure 4 


MEASUREMENT SCHEME FOR Kg AND Ky DETERMINATIONS 


FUNCTION 
GENERATOR 


KHRON-HITE 
FILTER #1 


FREE- RUNNING 
FREQUENCY SET 


GAIN - PHASE 
_ METER 


will be shifted from wo by some Aw until 
lock is established where 

Wi = Wo = Wo +t Aw (9) 
If lock cannot be established, then either V; 
is too small to drive the VCO to produce the 
necessary + Aw deviation or uj; is Beyone 


the dynamic range of the VCO, ie., wj =O 
Ww. Remedies for these no lock condi- 
fone are: 


1 Increase V; either internally or externally 
to the loop by providing additional ampli- 
fication. 

2 Increase the internal loop gain by adjust- 
ing upward (larger ~3dB frequency) the 
response of the low-pass filter. 

3 Shift wo’ closer to the expected w;. Es- 
tablishing frequency lock leads to the 
second case where w} = wo. 


Locked State (wj = wo) = 

When a; and wo are frequency synchro- 

nized, the output signal from the phase 

comparator for wj) = wo =.w and a phase 

shift of Og is 

Velt) =KyzVjVo(sin wt) (sin wt + Og) 
=KiViVo [cos Og — cos (2ut + Ge)] 

Sue (10) 

The low pass filter removes the high fre- 

quency, ac component of ve(t), leaving only 

the dc component. Thus, 


v(t) = KoViVocos Og (11) 
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After amplification the de voltage driving 
the VCO and maintaining lock within the 
loop is 
va(t) = Vp = AK2VjiVo cos Oe (12) 
Suppose wj and wo are perfectly synchro- 
nized to the free-running frequency we’. For 
this case, Vp will be zero, indicating that Og 
must be +90°. Thus Vp is proportional to 
the phase difference or phase error be- 
tween 6; and ©, centered about a reference 
phase angle of + 90°. If w; changes slightly 
from wo’, the first effect will be a change in 
Og from +90°. Vp will adjust and settle out 
to some nonzero value to correct wo; under 
this condition frequency lock is maintained 
with w} = wo. The phase error will be shifted 
by some amount AO from the reference 
phase angle of + 90°. This concept can be 
simplified by redefining Og as 
Og = O, + AO (13) 
where ©, is the inherent, reference phase 
shift of +90° and AQ is the departure from 
this reference value. Now the VCO control 


‘voltage becomes 


Vp = AKoVjiVo cos (0, + AO) 

= + AKoVjVosinAd 
Since the sine function is odd, a momentary 
change in A® contains information about 


(14) 
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which way to adjust the VCO frequency to 
correct and maintain the locked condition. 
The maximum range over which AO changes 
can be tracked is —90° to +90°. This cor- 
responds to a Og range from 0 to 180°. 


In addition to being an error signal, Vp re- 
presents the demodulated output of an FM 
input applied as vjn(t) assuming a linear 
VCO characteristic. Thus FM demodulation 
can be accomplished with the PLL without 
the inductively tuned circuits that are em- 
ployed with conventional detectors. 


DETERMINING PLL 
MODEL PARAMETERS 


Since the PLL is basically an electronic servo 
loop, many of the analytical techniques devel- 
oped for control systems are applicable to 
phase locked systems. Whenever phase lock 
is established between v,(t) and v,(t) the linear 
model of Figure 4 can be used to predict the 
performance of the PLL system. Here ©; and 
QO, represent the phase angles associated 
with the input output waveshapes repectively; 
F(s) represents a generalized voltage transfer 
function for the low pass filter in the s complex 
frequency domain; and K, and K, are conver- 
sion gains of the phase comparator and VCO 
respectively, each having units as shown. The 
1/s term associated with the VCO accounts 
for the inherent 90° phase shift in the loop 
since the VCO converts a voltage to a fre- 
quency and since phase is the integral of fre- 
quency. Thus the VCO functions as an 
integrator in the feedback loop. 


Specific values of Kg and K, for all of Sig- 
netics general purpose PLLs can be found in 
the sections describing the particular loop of 
interest. However, sometimes it may be 
desired to determine these conversion gains 
exactly for a specific device. The measure- 
ment scheme shown in Figure 5 can be used 
to determine K, and K, for a loop under lock. 
The function of hte Khron-Hite filters is to 
extract the fundamental sinusoidal frequency 
component of their square wasve inputs for 
application to the Gain-Phase Meter. If the 
input signal from the Function Generator is 
sinusoidal, then the first Khron-Hite filter may 
be eliminated. It is recommended to use high 
impedance oscilloscope probes so as to not 
distort the input of VCO waveshapes, thereby 
potentially altering their phase relationships. 
The frequency counter can be driven from the 
scope as shown, or connected directly to the 
input or VCO provided its input impedance is 
large. 


The procedure to follow for obtaining Kg 
and Kg is as follows: 


1 Established the desired external bias 
and gain conditions for the PLL under 
test. 


2 With the. Function Generator turned off, 
set the free-running frequency of the loop 
via the timing capacitor and timing resis- 
tor if appropriate. Monitor fo’ with the 
Frequency Counter. 

3 Turn on the Function Generator and 
check to make sure the amplitude of the 
input signal is appropriate for the particu- 
lar loop under test. 

4 Adjust the input frequency for lock. Lock 
is discernable on a dual-trace scope 
when the input and VCO waveforms are 
synchronized and stationary with respect 
to each other. One should be especially 
careful to check that locking has not oc- 
curred between the VCO and some har- 
monic frequency. Carefully inspect both 
waveshapes, making sure each has the 
same period. (If a second Frequency 
Counter is available, an alternate scheme 
can be used to confirm frequency locking. 
One frequency counter is used to monitor 
the input signal frequency, and the sec- 
ond counter is used for the VCO frequen- 
cy. When the two counters display the 
same frequency, the PLL is locked). 

5 Set the input frequency to the free-run- 
ning frequency and note the Gain-Phase 
Meter display. It should be approximately 
90°, + 10° nominally. Record the phase 
error, Oe, the VCO control voltage, Vp, 
and the input frequency, fj. 

6 Adjust fj for frequencies above and below 
fo’ and record Og and Vp for each fj as 
appropriate. 

7 Making a plot of Vp versus Q¢ is useful 
for checking the measurement data and 
the systems linearity. The slope of this 
plot (AVp/AO¢@) is Kg in units of volts /de- 
gree. ‘Multiplying this slope by 180/7 
gives the desired Kq in volts/radian. 

8 A plot of fj = fo versus Vp while the loop 
remains locked will check the VCO lin- 
earity. The slope of this plot is Ko at the 
particular free-running frequency. The 
units of slope taken directly from the 
graph are Hz/volt. Multiplying this slope 
figure by 27 gives the desired Ko in units 
of radians/volt-sec. 


Kg is generally constant over wide frequen- 
cy ranges, but is linearily related to the in- 
put signal amplitude. Ko is constant with 
input signal level but does vary linearily with 
fo’. Often it is convenient to specify a nor- 
malized Ko as 


Ko radians 


K = ns 
o(norm) Gao elt (15) 


The Ko value at any desired free-running 
frequency then can be estimated as 
Ko (@ any fo’) = Ko(norm) fo’ (16) 


The loop. gain for the PLL system is 


Ky = KqKoA . (17) 


(Often when the gain A is due to an amplifier 
internal to the IC, A will be included in either 
Ky or K,. This is further illustrated in the 
article on the 565 PLL. 


MODELING THE PLL SYSTEM WITH 
VARIOUS LOW PASS FILTERS 


The open loop transfer function for the PLL 
is 
= KyF(s) 
T(s) aco (18) 
Using linear feedback analysis techniques, 
the closed loop transfer characteristics 
H(s) can be related to the open loop perfor- 
mance as 
H(s) = T(s) (19) 
~T+T(s) ~ 
and the roots of the characteristic system 
polynominal can be readily determined by 
root-locus techniques. 


From these equations, it is apparent that 
the transient performance and frequency 
response of the loop is heavily dependent 
upon the choice of filter and its correspond- 
ing transfer characteristic, F(s). 


Zero Order Filter - F(s) = 1 
The simplest case is that of the first order 
loop where F(s) = 1 (no filter). The closed 
loop transfer function then becomes 
Ky 

T(s) = stK (20) 
This transfer function gives the root locus as a 
function of the total loop gain K, and the cor- 
responding frequency response shown in Fig- 
ure 6(a). The open loop pole at the origin is 
due to the integrating action of the VCO. Note 
that the frequency response is actually the 
amplitude of the difference frequency compo- 
nent versus modulating frequency when the 
PLL is used to track a frequency modulated 
input signal. Since there is no low pass filter 
in this case, sum frequency components are 
also present at the phase comparator output 
and must be filtered outside of the loop if the 
difference frequency component (demodu- 
lated FM) is to be measured. 


First Order Filter 


With the addition of a single pole low pass 
filter F(s) of the form 


Rete ee 
F(s) = 1+748 (21) 
where 7, =R,C,, the PLL becomes a second 
order system with the root locus shown in Fig- 


ure 6(b). Again an open loop pole is located at 


the origin because of the integrating action of . 


the VCO. Another open lcop pole is posi- 
tioned on the real axis at — 1/7, where 7, is 
the time constant of the low pass filter. 
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One can make the following observations 

from the root locus characteristics of Figure 

6(b): | 

a As the loop gain Ky increases for a given 
choice of 71, the imaginary part of the 
closed loop poles increase; thus, the nat- 


ural frequency of the loop increases and- 


the loop becomes more and more under- 
damped. 

b If the filter time constant is increased, the 
real part of the closed loop poles be- 
comes smaller and the loop damping is 
reduced. 


As in any practical feedback system, excess 
shifts or non-dominant poles associated with 
the blocks within the PLL can cause the root 
loci to bend toward the right half plane as 
shown by the dashed line in Figure 6(b). This 
is likely to happen if either the loop gain or the 
filter time constant is too large and may cause 
the loop to break into sustained oscillations. 


First Order Lag-Lead Filter 


The stability problem can be eliminated by 
using a lag-lead type of filter, as indicated in 
Figure 6(c). This type of a filter has the trans- 
fer function 


1+ ToS 


F(s) = | 
ease 


(22) 


where ro = RoC and 71 = R4C. By proper 
choice of Ro, this type of filter confines the 
root locus to the left-half plane and ensures 
Stability. The lag-lead filter gives a frequen- 
cy response dependent on the damping, 
which can now be controlled by the proper 
adjustment of +; and 79. In practice, this 
type of filter is important because it allows 
the loop to be used with a response be- 
tween that of the first and second order 
loops and it provides an additional control 
over the loop transient response. If Ro = 0, 
the loop behaves as a second order loop 
and as Ro —, ~, the loop behaves as a first 
order loop due to a pole-zero cancellation. 
However, as first-order operation is ap- 
proached, the noise bandwidth increases 
and interference rejection decreases since 
the high frequency error components in the 
loop are now attenuated to a lesser degree. 


Second and Higher Order Filters 


Second and higher order filters as well as 
active filters occasionally are designed and 
incorporated within the PLL to achieve a par- 
ticular response not possible or easily 
obtained with zero or first order filters. Adding 
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more poles and more gain to the closed loop 
transfer function reduces the inherent stabil- 
ity of the loop. Thus the designer must exer- 
cise extreme care and utilize complex stability 
analysis if second order (and higher) filters or 
active filters are to be considered. 


CALCULATING LOCK AND 
CAPTURE RANGES 


In terms of the basic gain expression in the 
system, the lock range of the PLL w, can be 
shown to be numericaily equal to the dc loop 
gain (2 sided lock range). 


2wL = 4rfL = 2KyF(O) (23) 


where F(0) is the value of the low pass fil- 
ters transfer function at dc. 


Since the capture range wo denotes a tran- 
sient condition, it is not as readily derived as 
the lock range. However, an approximate 
expression for the capture range can be writ- 


ten as (2 sided capture range). 


2we = 4rtc = 2Ky |Fwo) (24) 


where F(iwe) is the magnitude of the low pass 
filter transfer function evaluated at w,. Solu- 
tion of Equation 24 frequently invoives a “trial 
and error” process since the capture range is 
a function of itself. Note that at all times the 
capture range is smaller than the lock range. 


For the simple first-order lag filter of Figure 
6(b) the capture range can be approximated 
as 


Wt Ky 
2WC = 2 7 2 Ty, (25) 
This approximation is valid for 
T1 >> (26) 


2, 


Equations 23 and 24 show that the capture 
range increases as the low pass filter time 
constant is decreased, whereas the lock 
range is unaffected by the filter and is deter- 
mined solely by the loop gain. 


Figure 7 shows the typical frequency-to- 
voltage transfer characteristics of the PLL. 
The input is assumed to be a sine wave 
whose frequency is swept slowly over a broad 
frequency range. The vertical scale is the cor- 
responding loop error voltage. In Figure 7(a), 
the input frequency is being gradually 
increased. The loop does not respond to the 
signal until it reaches a frequency w,, corres- 
ponding to the lower edge of the capture 
range. Then, the loop suddenly locks on the 
input and causes a negative jump of the loop 
error voltage. Next, Vy varies with frequency 
with a slope equal to the reciprocal of VCO 
conversion gain (1/K,) and goes through zero 
AS w; = Wp’. The loop tracks the input until the 
input frequency reaches wo, corresponding to 


the upper edge of the lock range. The PLL 
then loses lock and the error voltage drops to 
zero. If the input frequency is swept slowly 
back, the cycle repeats itself, but is inverted, 
as shown in Figure 7(b). The loop recaptures 
the signal at w3 and tracks it down to w,. The 
total capture and lock ranges of the system 
are: 


2WC (27) 
and 


20WL = wo - wW4 


W3~ W4 


(28) 


Note that, as indicated by the transfer charac- 
teristics of Figure 7, the PLL system has an 
inherent selectivity about the free-running fre- 
quency, w,’. It will respond only to the input 
signal frequencies that are separated from 
w,' by less than we or w,, depending on 
whether the loop starts with or without an ini- 
tial lock condition. The linearity of the 
frequency-to-voltage conversion characteris- 
tics for the PLL is determined solely by the 
VCO conversion gain. Therefore, in most PLL 
applications, the VCO is required to have a 
highly linear voltage-to-frequency transfer 
characteristic. 


DETERMINING LOOP RESPONSE 
The transient response of a PLL can be cal- 
culated using the model of Figure 4 and 
Equations 18 and 19 as starting points. Com- 
bining these equations gives 
O0(s) KyF(s) 

H(s) = ge) = “S+K FEY 29) 
The phase error which keeps the system in 
lock is 


Ge(s) = Oj(s) — Oo(s) (30) 
Define a phase error transfer function 
_ Oe(s) _ Q@o(s) _ 
Or Giae | ey 


(31) 
As an example of the utilization of these 
equations, consider the most common case 
of a loop employing a simple first-order lag 
filter where 


F(s) = (32) 


ie are 


For this filter, Equations 29 and 31 become 
Ky / T1 


H(s) = ————_—_____—_"__—- 

a s2 + s/r4+Ky/74 (33) 
s(s + 1/74) 

E(s) = ———_______—_——__- 

s2 + s/ry + Ky/74 (34) 


Both equations are second order and have 
the same denominator which can be ex- 
pressed as 

D(s) = s2 + s/ry + Ky/rq1 = 

s2 + 2twps + WnZ (35) 
where wr and ¢ are respectively the sys- 
tems undamped natural frequency and 
damping factor defined as 


Wn =\/ Ky/74 


(36) 
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ROOT LOCUS AND FREQUENCY RESPONSE PLOTS 


F(s) 


ROOT LOCUS 


e L Wy 
oF Gn 2K (37) 
The system is considered overdamped for 
>1.0, and critically damped ¢= 1.0. 


Now examine this PLL systems response to 
various types of inputs. 


Step of Phase Input 

Consider a unit step of phase as the input sig- 
nal. This input is shown in Figure 8 and can 
be thought of as simply shifting the time axis 
by a unit step (one radian or one degree 


ROOT LOCUS 


ROOT LOCUS -jwo 


(A) ZERO-ORDER FILTER 


+ Jw A 


- jo 


(B) FIRST-ORDER SIMPLE LAG FILTER 


+ jw 


> 


(C) FIRST-ORDER LAG-LEAD FILTER 


T,=A,C oe 


Wy 


FREQUENCY RESPONSE 


FREQUENCY RESPONSE 


DECREASING 
1 


-jo FREQUENCY RESPONSE | 


Figure 6 


gree depending upon the working units) 
while maintaining the same input frequency. 
Mathematically this input has the form 


@i(s) = —— (38) 


The phase of VCO output and the systems 
phase error are represented by 
H(s) wpe 


G08) = 5 = SEE a uns tant» 9) 
a ic) dl 
gS) oe = oa 2fwns + wn2 (40) 


depending upon the working units) while 
maintaining the same input frequency. Mathe- 
matically this input has the form 


e —nt sin (ugtv1 — (2 + VW) 
Oo(t) = 1+ SE n 


(41) 
V1 — §2 
where W = arc tan (42) 
and ¢ = 1. 
= t 
Oe(t) = & fn sin (wat ¥ 1 —- (2 + V) 
5 ice . 


(43) 
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TYPICAL PLL FREQUENCY-TO-VOLTAGE 


TRANSFER CHARACTERISTICS 


OIRECTION OF 
SWEEP 


(A) INPUT FREQUENCY INCREASING 
eS 


INCREASING 
FREQUENCY 


LOCK RANGE 


fxg Ga 


(B) DECREASING INPUT FREQUENCY 


CAPTURE RANGE 


jt—— 2¢ ——>| 


DIRECTION OF 
SWEEP 


INCREASING 
FREQUENCY 
cerarenenel Ee 


Figure 7 


INPUT SIGNAL REPRESENTING A UNIT STEP OF 
PHASE AT CONSTANT FREQUENCY 


INPUT 
VOLTAGE 
Qt) 


| 


Figure 8 


When ¢ = 1, these phase responses are 


Oo(t) = 1— (1 — wpt)e "ent (44) 


and 


Oe(t) = (1 + watle ent (45) 
Figure 9 is a plot of the VCO phase response 
and the phase error transient for various 
damping factors. Note from this figure that an 
under-damped system has overshoot which 
can cause the loop to break lock if this over- 
shoot is too large. The critical condition for 
maintaining lock is to keep the phase error 
within the dynamic range for the phase com- 
parator of — 7/2 to 7/2 radians. For the under- 
damped case, the peak phase-error 
overshoot is 


Oe(max) = € —taf\/1 = 2 (46) 


which must be less than 2/2 to maintain 
lock. Lock can also be broken for the over- 


damped and critically-damped loops if the 


input phase shift is too large where the 
phase error exceeds +7/2 radians. 


The analysis and equations given are based 
upon the small-signal model of Figure 4. If the 
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PHASE 
SHIFT 


signal amplitudes become too large, one or 
more functional blocks in the system can sat- 
urate, causing a slew-rate type limiting action 
that may break lock. 


The transient change in the VCO frequency 
due to the unit step of phase input can be 
found by taking the time derivative of Equa- 
tion 41 or alternatively by finding the inverse 
Lapiace transform of 


wn? 
Wo(s) = sOo(s) = a2 3G ue (47) 
which is babi 
wWne— Sw 
wot) = ——————- sin wpt V1 - £2 
Vie (48) 


Unit Step of Frequency input 


This type of input occurs when the input fre- 
quency is instantaneously changed from one 
frequency to another as is done in FSK and 
modem applications. For this input as shown 
in Figure 10, 


I 4 
Oj(s) = we (49) 
The VCO output phase is 
wy? 
Oo(s) = (50) 


s2(s2 + 2twns + wy) 


The transient time expression for the VCO 
phase change is 


Oot) = 1 — 2h 4 en fent 


“nN  wnVi — £2 
sin (wat Vi — (2 + 2W) 


(51) 
for ¢ # 1. 


The time expression for the VCO frequency 
change for a unit step of frequency input is 
the same as the time response VCO phase 
change due to a step of phase input (Equa- 
tion 41), or 


wo(t) for frequency step input = Oo(t) 


for phase 
step input 
wolt) =1 + = sin (wt Vi — (2+) 


Vf 
fort # 1. (52) 
Unit Ramp of Frequency Input 
This form of input signal represents sweeping 
the input frequency at a constant rate and 
direction as shown in Figure 11. The ampli- 
tude and phase of the input remain constant; 
the input frequency changes linearly with 
time. Since the input signal to the PLL model 
is a phase, a unit ramp of frequency appears 
as a phase acceleration type input that can be 
mathematically described as 


1 
Oj(s) = 33 (53) 
The VCO output phase change is 
3) (s) = a ce 
onsr 53 (82 + 2twns + une) 4) 


The time expression for the VCO phase 
change is ? 

t at = a 
Oolt) = = - on ue fac — wy?) + 


Y, 
(eee) > e— Sent sin (wat 


1— (2 
Vinge ¥)) (55) 
Vi — <2 
where W = arc tan oS +W 
(ce) = 2un2) 


and W is given in Equation 42. 


PLL BUILDING BLOCKS 
VCO 


Since three different forms of VCO have been 
used in the Signetics PLL series, the VCO 
details will not be discussed until the individ- 
ual loops are described. However, a few gen- 
eral comments about VCOs are in order. 


When the PLL is locked to a signal, the VCO 
voltage is a function of the frequency of the 
input signal. Since the VCO control voltage 
is the demodulated output during FM de- 
modulation, it is important that the VCO 
voltage-to-frequency characteristic be lin- 
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ear so that the output is not distorted. Over 
the linear range of the VCO, the conversion 
gain is given by KG (in radian /volt-sec) 
Awo 

ko = Ava q (56) 
Since the loop output voltage is the VCO 
voltage, we can get the loop output voltage 
as 


Aw 


AVg = Ko 


(57) 
The gain K, can be found from the data sheet. 
When the VCO voltage is changed, the fre- 
quency change is virtually instantaneous. 


Phase Comparator 


All of Signetics analog phase locked loops 
use the same form of phase comparator - 
often called the doubly-balanced multiplier or 
mixer. Such a circuit is shown in Figure 12. 


The input stage formed by transistors Q1 and 
Q2 may be viewed as a differential amplifier 


which has an equivalent collector resistance 
R, and whose differential gain at balance is 
the ratio of R, to the dynamic emitter resist- 
ance, r,, of Q1 and Q2. 


Rc 
= PC _ 0.026 _ Role 
“d= te eve ~ O0e2 68) 


where Ie is the total dc bias current for the 
differential amplifier pair. 


The switching stage formed by Q3-Q6 is 
switched on and off by the VCO square wave. 
Since the collector current swing of Q2 is the 
negative of the collector current swing of Q1, 
the switching action has the effect of multiply- 
ing the differential stage output first by +1 
and then by — 7. That is, when the base of Q4 
is positive, Rog receives |, and when the base 


of Q6 is positive, Rog receives i, =i1- Since 
the circuit is called a multiplier, performing the 


multiplication will gain further insight into the 
action of the phase comparator. 


VCO PHASE AND LOOP PHASE ERROR TRANSIENT 
RESPONSES FOR VARIOUS DAMPING FACTORS 


3.4 


Figure 9 


INPUT SIGNAL FOR A UNIT STEP 


5 


OF FREQUENCY AT CONSTANT PHASE 


INPUT 
VOLTAGE 
v(t) 


Figure 10 


INPUT SIGNAL FOR A UNIT RAMP OF FREQUENCY INPUT 


VOLTAGE 


INPUT 
»(t) | 


Figure 11 


Consider an input signal which consists of 
two added components: a component at 
frequency w; which is close to the free-run- 
ning frequency and a component at frequen- 
cy wk which may be at any frequency. The 
input signal is 

vi(t) + v(t) = Visin(wit + Oj) + 


VKsin(w_t + Ox) (59) 


where ©} and 0, are the phase in relation to 

the VCO signal. The unity square wave de- 

veloped in the multiplier by the VCO signal 
CO 


is 
a 4 
volt) = m n(2n+1) 


sin [(an+ ‘wot 


(60) 
where wo is the VCO frequency. Multiplying 
the two terms, using the appropriate trigo- 
nometric relationships, and inserting the dif- 
ferential stage gain Aq gives: 


2A 
Ve(t) = <4 


CQO” 
V; 
1) ; ee cos [(2n+ 1)wot — wit — @; | 
n=0 

oo 


Vi 
-) LESS) cos ((2n +1)wot + wit + Qi] 
n=0 


Vk 
+) Cc 2n +1)wot—owrt-O 
n=0 


-) @atiy os [Cont nogttext Ox] 


n=0 

. (61) 
Assuming that temporarily V_ is zero, if w4 
is close to wo, the first term (n = 0) has a 
low frequency difference frequency compo- 
nent. This is the beat frequency component 
that feeds around the loop and causes lock 
up by modulating the VCO. As wo is driven 
closer to wj, this difference component be- 
comes lower and lower in frequency until wo 
= w; and lock is achieved. The first term 
then becomes 


2AqVj 


Velt) = VE = —2— cos 0; 


which is the usual phase comparator formu- 
la showing the dc component of the phase 
comparator during lock. This component 
must equal the voltage necessary to keep 
the VCO at wo. It is possible for wo to equal 
w; momentarily during the lock up process 
and, yet, for the phase to be incorrect so 
that wo passes through uj; without lock be- 
ing achieved. This explains why lock is usu- 
ally not achieved instantaneously, even 
when w} = wo at t = 0. 


(62) 


If n # O in the first term, the loop can lock 
when w; = (2n +1) wo, giving the dc phase 
comparator es 


a a ar ara 


cos 0; (63) 


8-91 


LINEAR LSI PRODUCTS 


SIGNAL 


7 fo 


Figure 12 


ee 


som nocema tens 


showing that the loop can lock to odd har- 
monics of the free-running frequency. The 
(2n + 1) term in the denominator shows that 
the phase comparators output is lower for 
harmonic lock, which explains why the lock 
range decreases as higher and higher odd 
harmonics are used to achieve lock. 


Note aiso that the phase comparators out- 
put during lock is (assuming Aq is constant) 
also a function of the input amplitude Vj. 
Thus, for a given dc phase comparator out- 
put Ve, an input amplitude decrease must 
be accompanied by a phase change. Since 
the loop can remain locked only for ©; be- 
tween O and 180°, the lower V; becomes, 
the more the lock range is reduced. 


Note from the second term that during lock 
the lowest possible frequency is wo + w; = 
2wj. A sum frequency component is always 
present at the phase comparator output. 
This component is usually greatly attenuat- 
ed by the low pass filter capacitor connect- 
ed to the phase comparator output. 
However, when rapid tracking is required 
(as with high-speed FM detection or FSK- 
frequency shift keying), the requirement for 
a relatively high frequency cutoff in the low 
pass filter may leave this component unat- 
tenuated to the extent that it interferes with 
detection. At the very ieast, additional filter- 
ing may be required to remove this compo- 
nent. Components caused by n ¥ 0 in the 
second term are both attenuated and of 
_ much higher frequency, so they may be ne- 
glecied. 
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Suppose that other frequencies represent- 
ed by V, are present. What is their effect 
tor Ve # 07 


The third term shows that Vx introduces an- 
other difference frequency component. Ob- 
viously, if wy is close to w;, it can interfere 
with the locking process since it may forma 
beat frequency of the same magnitude as 
the desired locking beat frequency. Howev-: 
er, suppose lock has been achieved so that 
Wo = wj. In order for lock to be maintained, 
the average phase comparator output must 
be constant. If wy = wy is relatively low in 
frequency, the phase ©; must change to 
compensate for this beat frequency. Broad- 
iy speaking, any signal in addition to the sig- 
nal to which the loop is locked causes a 
phase variation. Usuaily this is negligible 
since uw, is often far removed from w;. How- 
ever, it has been stated that the phase 0; 
can move only between 0 and 180°. Sup- 
pose the phase limit has been reached and 
V_ appears. Since it cannot be compensat- 
ed for, it will drive the loop out of lock. This 
explains why extraneous signals can result 
in a decrease in the lock range. If Vj is as- 
sumed to be an instantaneous noise compo- 
nent, the same effect occurs. When the full 
swing of the loop is being utilized, noise will 
decrease the lock or tracking range. This 
effect can be reduced by decreasing the 
cutoff frequency of the low pass filter so 
that the wo ~ ow, is attenuated to a greater 
extent, which illustrates that noise immunity 
and out-band frequency rejection is im- 
proved (at the expense of capture range 
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SINCE Wo — uj is likewise attenuated) when 
the low pass filter capacitor is large. 


The third term can have a dc component 
when w, is an odd harmonic of the locked 
frequency so that (2n + 1) (wo — w 1) is zero 
and ©, makes its appearance. This will 
have an effect on ©, which will change the 
©, versus frequency w 1. This is most no- 
ticeable when the waveform of the incoming 
signal is, for example, a square wave. The 
0; term will combine with the 0; term so that 
the phase is a linear function of input fre- 
quency. Other waveforms will give different 
phase versus frequency functions. When 
the input amplitude Vj is large and the loop 
gain is large, the phase will be close to 90° 
throughout the range of VCO swing, so this 
effect is often unnoticed. 


The fourth term is of little consequence ex- 
cept that if wK approaches zero, the phase 
comparator output will have a component at 
the locked frequency wo at the output. For 
example, a dc offset at the input differential 
stage will appear as a square wave of fun- 
damental wo at the phase comparator out- 
put. This is usually small and well 
attenuated by the low pass filter. Since 
many out-band signals or noise components 
may be present, many Vy, terms may be 
combining to influence locking and phase 
during lock. Fortunately, only those close to 
the locked frequency need be considered. 


Quadrature Phase Detector (QPD) 
The quadrature phase detector action is ex- 
actly the same except that its output is pro- 
portional to the sine of the phase angle. 
When the phase 0; is 90°, the quadrature 
phase detector output is then at its maxi- 
mum, which explains why it makes a useful 
lock or amplitude detector. The output of 
the quadrature phase detector is given by 
2AqVj 

Vga oe (64) 
where Vj; is the constant or modulated AM 
signai and ©; ~ 90° in most cases so that 
sine Oj = 1 and 
Vq= 2AQVi 


us 


sin 0; 


(65) 


This is the demodulation principle of the 
autodyne receiver and the basis for the 567 
tone decoder operation. 


INITIAL PLL SETUP CHOICES 

in a given application, maximum PLL effec- 
tiveness can be achieved if the designer un- 
derstands the tradeoffs which can be 
made. Generally speaking, the designer is 
free to select the frequency, lock range, 
capture range, and input amplitude. 
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FREE-RUNNING 
FREQUENCY SELECTION 


Setting the center or free-running frequency 
is accomplished by selecting one or two ex- 
ternal components. The center frequency is 
usually set in the center of the expected in- 
put frequency range. Since the loops ability 
to capture is a function of the difference be- 
tween the incoming and free-running fre- 
quencies, the band edges of the capture 
range are always an equal distance (in Hz) 
from the center frequency. Typically, the 
lock range is also centered about the free- 
running frequency. Occasionally, the center 
frequency is chosen to be offset from the 
incoming frequency so that the tracking 
range is limited on one side. This permits re- 
jection of an adjacent higher or lower fre- 
quency signal without paying the penalty for 
narrow band operation (reduced tracking 
speed). 


All of Signetics loops use a phase compara- 
tor in which the input signal is multiplied by 
a unity square wave at the VCO frequency. 
The odd harmonics present in the square 
wave permit the loop to lock to input signals 
at these odd harmonics. Thus, the center 
frequency may be set to, say, 1/3 or !/5 of 
the input signal. The tracking range howev- 
er, will be considerably reduced as the 
higher harmonics are utilized. 


The foregoing phase comparator discus- 
sion would suggest that the PLL cannot 
lock to subharmonics because the phase 
comparator cannot produce a dc compo- 
nent if wj is less than wo. 


The loop can lock to both odd harmonic and 
subharmonic signals in practice because 
such signals often contain harmonic compo- 
nents at wo. For example, a square wave of 
fundamental wo/3 will have a substantial 
component at wo to which the loop can lock. 
Even a pure sine wave input signal can be 
used for harmonic locking if the PLL input 
stage is overdriven (the resultant internal 
limiting generates harmonic frequencies). 
Locking to even harmonics or subharmon- 
ics is the least satisfactory since the input 
or VCO signal must contain second harmon- 
ic distortion. !f locking to even harmonics is 
desired, the duty cycle of the input and VCO 
signals must be shifted away from the sym- 
meirical to generate substantial even har- 
monic content. 


In evaluating the loop for a potential appli- 
cation, it is best to actually compute the 
magnitude of the expected signal compo- 
nent nearest wo. This magnitude can be 
used to estimate the capture and lock 
ranges. 


All of Signetics loops are stabilized against 
center frequency drift due to power supply 
variations. Both the 565 and the 567 are 
temperature compensated over the entire 
military temperature range (-—55_ to 
+125°9C). To benefit from this inherent sta- 
bility, however, the designer must provide 
equally stable (or better) external compo- 
nents. For maxirnum cost effectiveness in 
some noncritica!l applications, the designer 
may wish to trade some stability for iower 
cost external components. 


GUIDELINES FOR LOCK RANGE 
CONTROL. 

Two things limit the lock range. First, any 
VCO can swing only so far; if the input signal 
frequency goes beyond this limit, lock will 
be lost. Second, the voltage developed by 
the phase comparator is proportional to the 
product of both the phase and the ampli- 
tude of the in-band component to which the 
loop is locked. If the signal amplitude de- 
creases, the phase difference between the 
signal and the VCO must increase in order 
to maintain the same output voltage and, 
hence, the same frequency deviation. The 
564 contains an internal limiter circuit be- 
tween the signal input and one input to the 
phase comparator. This circuit limits the 
amplitude of large input signals such as 
those from TTL outputs to approximately 
100mV before they are applied to the 
phase comparator. The limiter significantly 
improves the AM rejection of the PLL for in- 
put signal amplitudes greater than 100mV. 


It often happens with low input amplitudes 
that even the full +90° phase range of the 
phase comparator cannot generate enough 
voltage to allow tracking wide deviations. 
When this occurs, the effective lock range 
is reduced. Weak input signals cause a re- 
duction of tracking capability and greater 
phase errors. Conversely, a strong input 
signal will allow the use of the entire VCO 
swing capability and keeps the VCO phase 
(referred to the input signal) very close to 
90° throughout the range. Note that the 
lock range does not depend on the low pass 
filter. However, if a low pags filter /s in the 
loop, it will have the effect of limiting the 
maximum rate at which tracking can occur. 
Obviously, the LPF capacitor voltage can- 
not change instantly, so lock may be lost 
when large enough step changes occur. Be- 
tween the constant frequency input and the 
step-change frequency input is some limit- 
ing frequency slew rate at which lock is just 
barely maintained. When tracking at this 
rate, the phase difference is at its limit of O° 
or 180°. it can be seen that if the LPF cutoff 
frequency is low, the loop will be unable to 


track as fast as if the LPF cutoff frequency 
is higher. Thus, when maximum tracking 
rate is needed, the LPF should have a high 
cutoff frequency. However, a high cutoff fre- 
quency LPF will attenuate the sum frequen- 
cies to a lesser extent so that the output 
contains a significant and often bothersome 
signal at twice the input frequency. The 
phase comparators output contains both 
sum and difference frequencies. During 
lock, the difference frequency is zero, but 
the sum frequency of twice the locked fre- 
quency is still present. This sum frequency 
component can then be filtered out with an 
external low pass filter. 


INPUT LEVEL AMPLITUDE 
SELECTION 


Whenever amplitude limiting of the in-band 
signal occurs, whether in the loop input 
stages or prior to the input, the lock and 
capture ranges become independent of sig- 
nal amplitude. 


Better noise and out-band signal immunity is 
achieved when the input levels are below 
the limiting threshold since the input stage 
is in its linear region and the creation of 
cross-modulation components is reduced. 
Higher input levels will allow somewhat fas- 
ter operation due to greater phase compa- 
rator gain and will result in a lock range 
which becomes constant with amplitude as 
the phase comparator gain becomes con- 
stant. Also, high input levels will result in a 
linear phase versus frequency characteris- 
tic. 


CAPTURE RANGE CONTROL 

There are two main reasons for making the 
low pass filter time constant large. First, a 
large time constant provides an increased 
memory effect in the loop so that it remains 
at or near the operating frequency during 
momentary fading or loss of signal. Second, 
the large time constant integrates the 
phase comparators output so that in- 
creased immunity to noise and out-band 
signals is obtained. 


Besides the lower tracking rates attendant 
to large loop filters, other penalties must be 
paid for the benefits gained. The capture 
range is reduced and the capture transient 
becomes longer. Reduction of capture 
range occurs because the loop must utilize 
the magnitude of the difference frequency 
component at the phase comparator to 
drive the VCO towards the input frequency. 


If the LPF cutoff frequency is low, the differ- 
ence component amplitude is reduced and 
the loop cannot swing as far. Thus, the cap- 
ture range is reduced. 
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LOCK-UP TIME AND TRACKING 
SPEED CONTROL 

In tracking applications, lock-up time is nor: 
mally of little consequence, but occasions 
do arise when it is desirable to keep lock-up 
time short to minimize data loss when noise 
or extraneous signals drive the loop out of 
lock. Lock-up time is of great importance in 
tone decoder type applications. Tracking 
speed is important if the loop is used to de- 
modulate an FM signal. Although the follow- 
ing discussion dwells largely on lock-up 
time, the same comments apply to tracking 
speeds. 


No simple expression is available which 
adequately describes the acquisition or 
lock-up time. This may be appreciated 
when we review the following factors which 
influence lock-up time. 


a Input phase 

b Low pass filter characteristic 

c Loop damping 

d Deviation of input frequency from center 
frequency 

e In-band input amplitude 

f Out-band signals and noise 

g Center frequency 


Fortunately, it is usually sufficient to know 
how to improve the lock-up time and what 
must be sacrificed to get faster lock-up. 
Consider an operational loop or tone de- 
coder where occasionally the lock-up tran- 
sient is too long. What can be done to 
improve the situation-keeping in mind the 
factors that influence lock? 


a Initial phase relationship between incom- 
ing signal and VCO - This is the greatest 
single factor influencing the lock time. If 
the initial phase is wrong, it first drives the 
VCO frequency away from the input fre- 
quency so that the VCO frequency must 
walk back on the beat notes. Figure 13 
gives a typical distribution of lock-up times 
with the input pulse initiated at random 
phase. The only way to overcome this vari- 
ation is to send phase information all the 
time so that a favorable phase relationship 
is guaranteed at t = 0. For example, a num- 
ber of PLLs or tone decoders may be 
weakly locked to low amplitude harmonics 
of a pulse train and the transmitted tone 
phase related to the same pulse train. Usu- 
ally, however, the incoming phase cannot 
be controlled. 


b Low pass filter - The larger the low pass 
filter time constant, the longer will be the 
lock-up time. The lock-up time can be re- 
duced by decreasing the filter time con- 
stant, but in doing so, some of the noise 
immunity and out-band signal rejection 
will be sacrificed. This is unfortunate 
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PROBABILITY OF LOCK VERSUS INPUT CYCLES 


PERCENT OF TRIALS 


THE ABSCISSA WILL, IN GENERAL, 
BE DIFFERENT FOR EACH LOOP 


OPERATING CONDITION. 


INPUT CYCLES 


Figure 13 


since this is what necessitated the use of 
a large filter in the first place. Also pre- 
sent will be a sum frequency (twice the 
VCO frequency) component at the low 
pass filter and greater phase jitter result- 
ing from out-band signals and noise. In 
the case of the tone decoder (where con- 
trol of the capture range is required since 
it specifies the device bandwidth) a low- 
er value of low pass capacitor automati- 
cally increases the bandwidth. Speed is 
gained only at the expense of added 
bandwidth. 


Loop damping - A simple first-order low 
pass filter of the form 


F(s) = (66) 


ates ines 
1k Sz 
produces a loop damping of 


f= 3 aS (67) 


Damping can be increased not only by re- 
ducing 7, aS discussed above, but also by 
reducing the loop gain Ky. Using the loop 
gain reduction to control bandwidth or 
capture and lock ranges achieves better 
damping for narrow bandwidth operation. 
The penalty for this damping is that more 
phase comparator output is required fora 
given deviation so that phase errors are 
greater and noise immunity is reduced. 
Also, more input drive may be required for 
a given deviation. 


Input frequency deviation from free-run- 
ning frequency - Naturally, the further an 
applied input signal is from the free-run- 
ning frequency of the loop, the longer it 


— 


will take the loop to reach that frequency 
due to the charging time of the low pass 
filter capacitor. Usually, however, the ef- 
fect of this frequency deviation is small 
compared to the variation resulting from 
the initial phase uncertainty. Where loop 
damping is very low, however, it may be 
predominant. 

in-band input amplitude - Since input am- 
plitude is one factor in the phase compa- 
rators gain Kg and since Kg is a factor in 
the loop gain Ky, damping is also a func- 
tion of input amplitude. When the input 
amplitude is low, the lock-up time may be 
limited by the rate at which the low pass 
capacitor can charge with the reduced 
phase comparator output (see d above). 
Out-band signals and noise - Low levels 
of extraneous signals and noise have little 
effect on the lock-up time, neither improv- 
ing or degrading it. However, large levels 
may overdrive the loop input stage so that 
limiting occurs, at which point the in-band 
signal starts to be suppressed. The lower 
effective input level can cause the lock-up 
time to increase, as discussed in e above. 
Center frequency-Since lock-up time can 
be described in terms of the number of 
cycles to lock, fastest lock-up is 
achieved at higher frequencies. Thus, 
whenever a system can be operated at a 
higher frequency, lock will typically take 
place faster. Also, in systems where dif- 
ferent frequencies are being detected, 
the higher frequencies on the average 
will be detected before the lower fre- 
quencies. 
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However, because of the wide variation due 
to initial phase, the reverse may be true for 
any single trial. 


PLL MEASUREMENT TECHNIQUES 


This section deals with measurements of 
PLL operation. The techniques suggested 
are meant to help the designer in evaluating 
the performance of the PLL during the initial 
setup period as well as to point out some 
pitfalls that may obscure loop evaluation. 
Recognizing that the test equipment may be 
limited, techniques are described which re- 
quire a minimum of standard test items. 


The majority of the PLL tests described can 
be done with a signal generator, a scope and 
a frequency counter. Most laboratories have 
these. A low-cost digital voltmeter will facili- 
tate accurate measurement of the VCO con- 
version gain. Where the need for a FM 
generator arises, it may be met in most cases 
by the VCO of a Signetics PLL. Any of the 
loops may be set up to operate as a VCO by 
simply applying the modulating voltage to the 
low pass filter terminal(s). The resulting gen- 
erator may be checked for linearity by using 
the counter to check frequency as a function 
of modulating voltage. Since the VCOs may 
be modulated right down to dc, the calibration 
may be done in steps. Moreover, loop mea- 
surements may be made by applying a con- 
stant frequency to the loop input and the 
modulating signal to the low pass filter termi- 
nal to simulate the effect of a FM input so that 
a FM generator may be omitted for many 
measurements. 


FREE-RUNNING FREQUENCY 
Free-running frequency measurements are 
easily made by connecting a frequency 
counter or oscilloscope to the VCO output 
of the loop. The loop should be connected 
in its final configuration with the chosen val- 
ues of input, bypass, and low pass filter ca- 
pacitors. No input signal should be present. 
As the free-running frequency is read out, it 
can be adjusted to the desired value by the 
adjustment means selected for the particu- 
lar loop. It is important not to make the fre- 
quency measurement directly at the timing 
capacitor unless the capacity added by the 
measurement probe is much less than the 
timing capacitor value since the probe ca- 
pacity will then cause a frequency error. 


When the frequency measurement is to be 
converted to a dc voltage for production 
readout or automated testing, a calibrated 
phase locked loop can be used as a fre- 
quency meter. 


CAPTURE AND LOCK RANGES 


Figure 14(a) shows a typical measurement 


CAPTURE AND LOCK RANGES 
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Figure 14 


setup for capture and lock range measure- 
ments. The signal input from a variable fre- 
quency oscillator is swept linearly through the 
frequency range of interest and the loop FM 
output is displayed on a scope or (at low fre- 
quencies) X-Y recorder. The sweep voltage is 
applied to the X axis. 


Figure 14(b) shows the type of trace which 
results. The lock range is given by the outer 
lines on the trace, which are formed as the 
incoming frequency sweeps away from the 
center frequency. The inner trace, formed as 
the frequency sweeps toward the center fre- 
quency, designates the capture range. Line- 
arity of the VCO is revealed by the 
straightness of the trace portion within the 
lock range. The slope (Af/AV) is the conver- 
sion gain K, for the VCO at the particular free- 
running frequency. 


By using the sweep technique, the effect on 
free-running frequency, capture range, and 
lock range of the input amplitude, supply voit- 
age, low pass filter and temperature can be 
examined. 


Because of the lock-up time duration and vari- 
ation, the sweep frequency must be very 
much lower than the free-running frequency, 
especially when the capture range is below 
10% of the free-running frequency. Other- 
wise, the apparent capture and lock range will 
be function os sweep frequency. It is best to 
start sweeping as slow as possible and, if 
desired, increase the rate until the capture 
range begins to show an apparent reduction - 
indicating that the sweep is too fast. Typical 
sweep frequencies are in the range of 1/1000 
to 1/100,000 of the free-running frequency. In 
the case of the 567, the quadrature detector 
output may be similarly displayed on the Y 
axis, as shown in Figure 15 showing the out- 
put level versus frequency for one value of 
input amplitude. 


Capture and lock range measurements may 
also be made by sweeping the generator 
manually through the band of interest. 
Sweeping must be done very slowly as the 
edges of the capture range are approached 
(sweeping toward center frequency) or the 
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QUADRATURE PHASE DETECTOR AND 
PHASE COMPARATOR OUTPUTS OF THE 567 PLL 


QUADRATURE PHASE DETECTOR OUTPUT 


Figure 15 


lock-up transient delay will cause an error in 
reading the band edge. Frequency should 
be read from the generator rather than the 
loop VCO because the VCO frequency gy- 
rates wildly around the center frequency 
just before and after lock. Lock and unlock 
can be readily detected by simultaneously 
monitoring the input and VCO signals, the 
dc voltage at the low pass filter or the ac 
beat frequency components at the low pass 
filter. The latter are greatly reduced during 
lock as opposed to frequencies just outside 
of lock. 


FM AND AM DEMODULATION 
DISTORTION 


These measurements are quite straight- 
forward. The loop is simply setup for FM 
detection and the test signal is applied to the 
input. A spectrum analyzer or distortion ana- 
lyzer (HP333A) can be used to measure dis- 
tortion at the FM output. 


For FM demodulation, the input signal am- 
plitude must be large enough so that lock is 
not lost at the frequency extremes. The 
data sheets give the lock (or tracking) 
range as a function of input signal and the 
optional range control adjustments. Due to 
the inherent linearity of the VCOs, it makes 
little differerice whether the FM carrrier is 
at the free-running frequency or. offset 
slightly as long as the tracking range limits 
are not exceeded. | 


The faster the FM modulation in relation.to 
the center frequency, the lower the value of 
the capacitor in the low pass filter must be 
for satisfactory tracking. As this value de- 
creases, however, it attenuates the sum 
frequency component of the phase compa- 
rator output less. The demodulated signal 
will appear to have greater distortion unless 
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this component is filtered out before the 
distortion is measured. 


NATURAL FREQUENCY AND 
DAMPING 


Circuits and mathematical expressions for 
the natural frequencies and dampings are 
given in Figure 16 for two, first-order low pass 
filters. Because of the integrator action of the 
PLL in converting frequency to phase, the 
order of the loop always will be one greater 
than the order of the LPF. Hence both these 
first order LPFs produce a second order PLL 
system. 


The natural frequency (w,) of a loop in its final 
circuit configuration can be measured by 
applying a frequency modulated signal of the 
desired. amplitude to the loop. Figure 16 
shows that the natural frequency is a function 
of Ky, which is, in turn, a function of input 
amplitude. As the modulation frequency (w,,) 
is increased, the phase relationship between 
the modulation and recovered sine wave will 
go through 90° at S,,=, and the output 
amplitude will peak. 


Damping is a function of Ky, K,, and the low 
pass filter. Since K, and Ky are functions of 
the free-running frequency and input ampli- 
tude respectively, damping is highly depen- 
dent on the particular operating condition of 
the loop. Damping estimates for the desired 
operating condition can be made by applying 
an input signai which is frequency modulated 
within the lock range by a square wave. The 
low pass filter voltage is then monitored on an 
oscilloscope which is synchronized to the 
modulating waveform, as shown in Figure 17. 
Figure 18 shows typical waveforms displayed. 
The loop damping can be estimated by com- 
paring the number and magnitude of the over- 
shoots with the graph of Figure 19 which 


gives the transient phase error due to a step 
in input frequency. 


An expression for calculating the damping for 
any underdamped second-order system 
(<< 1.0) when the normalized peak overshoot 
is known is 


Mp =1te -gr/J/1-(2 (68) 


Examination of Figure 18 shows that the nor-- 
malized peak overshoot of the error voltage is 
approximately 1.4. Using this value for My in 
Equation 68 gives a damping of ¢ =0.28. 


Another way of estimating damping is to 
make use of the frequency response plot 
measured for the natural frequency (w,) mea- 
surement. For low damping constants, the 
frequency response measurement peak will 
be a strong function of damping. For high 
damping constants, the 3dB-down point will 
give the damping. Figure 19 tabulates some 
approximate relationships. | 


NOISE 

The effect of input noise on loop operation 
is very difficult to predict. Briefly, the input 
noise components near the center frequen- 
cy are converted to phase noise. When the 
phase noise becomes so great that the 
+90° permissible phase variation is ex- 
ceeded, the loop drops out of lock or fails to. 
acquire lock. The best technique is to actu- 
ally apply the anticipated noise amplitude 
and bandwidth to the input and then perform 
the capture and lock range measurements 
as well as perform operating tests with the 
anticipated input level and modulation devi- 
ations. By including a small safety factor in 
the loop design to compensate for small 
processing variations, satisfactory oper- 
ation can be assured. 
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MEASUREMENT SETUP FOR DISPLAY OF PLL 
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Figure 17 


(B) LAG-LEAD 
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TRANSIENT RESPONSE OF PLL ERROR VOLTAGE TO SQUARE 
WAVE FREQUENCY MODULATION FOR VARIOUS DAMPING CONDITIONS: 
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Figure 18 
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ESTIMATING THE DAMPING IN A SECOND ORDER PLL 


(A) TRANSIENT PHASE ERROR AS AN (B) RATIO OF PEAK AMPLITUDE TO LOW 
INDICATION OF DAMPING FREQUENCY AMPLITUDE OF ERROR VOLTAGE 
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CIRCUIT DESCRIPTION OF 
THE 564 


The 564 contains the functional blocks shown 
in Figure 1. In addition to the normal PLL 
functions of phase comparator, VCO, ampli- 
fier and low-pass filter, the 564. has internal 
circuitry for an input signal limiter, a dc 
retriever, and a Schmitt trigger. The complete 
circuit for the 564 is shown in Figure 1. 


Limiter 

The input limiter functions to produce a near 
constant amplitude output that serves as 
the input for the phase comparator. Elimi- 
nating amplitude variations in the FM input 
signal improves the AM rejection of the 
PLL. Additional features of the 564s limiter 
are that it is capable of accepting TTL sig- 
nals, operates at high-frequencies up to 
50MHz, and remains functional with variable 
supply voltages between 5 and 12° volts. 


Signal limiting is accomplished in the 564 
with a differential amplifier whose output volt- 
age is clipped by diodes D, and Dz (see Fig- 


eee ema conta UNE SEMA) ce RE TR Ee GieeTe ie mime Wien WAM cts Sen MMe Ten PER 


eevee eens nce comes Seem racine crema eine cue crane omnes earn ame Mem ein ee were eee 


ure 2). Schottky diodes are used because 
their limiting occurs between 0.3 to 0.4 volts 
instead of the 0.6 to 0.7 volt for regular IC 
diodes. This lower limiting level is helpful in 
biasing, especially for 5 volt operation. When 
limiting, the dc voltage across Rp R3 remains 
at the Schottky diode voltage. Good high- 
frequency performance for Q2 and Q3 is 
achieved with current levels in the low mA 
range. Current-source biasing is established 
via the current mirror of Ds and Q4 (See Fig- 
ure 1). 


Base biasing for Q3 is of concern because of 
the nature of the input signal which can be 
either a TTL digital signal of 0 to 5 volts ampli- 
tude or a low-level, ac coupled analog signal. 
Compatibility for either type is achieved by 
modifying the limiter of Figure 2 with the addi- 
tion of the vertical Schottky PNP transistors 
Q1 and Q5 shown in Figure 3. The input sig- 
nal voltage appears as a collector-base volt- 
age for Q1 which presents no problems for 
either high TTL level inputs or low-level ana- 
log inputs. Q5 is in turn diode biased by Dz 
and D, (see Figure 1) which places the base 
voltages of Q1 and Q5 at approximately 1.0 


SCHEMATIC DIAGRAM OF 564 


AMPLIFIER 
es ee ree ct 


es 


volt. This same biasing network establishes a 
1.3 volt bias at the base of Q13 for biasing the 
phase comparator section. A differential out- 
put signal from the input limiter is applied to 
one input of the phase comparator (Q9 
through Q12) after buffering the level shifting 
though the Q7-Q8 emitter followers. 


“When operating above 5Vdc, a limiting resistor must be 
used from Voc to pin 10 of the 564. 


Phase Comparator 

The phase comparator section of the 564 is 
shown in Figure 4. It is basically the conven- 
tional, double-balanced mixer commonly 
used in PLL circuits with a few exceptions. 
The transconductance, g,,, for the Q13-Q14 
differential amplifier is directly proportional to 
the mirror current in Q15. Thus by externally 
sinking or sourcing current at pin 2, g,, can be 
changed to alter the phase comparators con- 
version gain, Kg. The nominal current injected 
into this node by the internal current source is 
0.75mA for 5 volt operation. If the current is 
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BASIC LIMITER STAGE LIMITER STAGE WITH INPUT BUFFERING 


VARIATION OF THE PHASE COMPARATOR’S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 
AND BIAS CURRENT 
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VCO SECTION OF 564 


+Voc 


Figure 6 


externally removed by gating, the phase com- 
parator can be disabled and the VCO will 
operate at its free-running frequency. 


The variation of Kg with bias current at pin 2 is 
shown in the experimental results of Figure 5. 
Note the inherent 90° phase error in the loop 
produces an approximate zero phase com- 
parator output voltage. For any particular bias 
current, the slope of the line is the Ky conver- 
sion gain for the phase comparator. Numeri- 
cally the data of Figure 5 can be expressed as 


-_ volts —4 volts 
Kq = 0.46 == +7.3x10 rad x wA*'BIAS 


(1) 


where Igias is in pA. Equation 1 is valid for 
bias current less than 800,A where saturation 
occurs within the phase comparator. 


The current level established in Q15 of Figure 
3 determines all other quiescent currents 
in the phase comparator (Q9 through Q14). 
Currents through Ryo and Ry, set the com- 
mon-mode output voltage from the phase 
comparator (pins 4 and 5). Since this com- 


mon-mode voltage is applied to the VCO to. 


establish its quiescent currents, the VCO con- 
version gain (K,) also depends upon the bias 
current at pin 2. 
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VCO Control 
Voltages 


VPIN 12 


VPIN 13 
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vco 


The VCO is of the basic emitter-coupled asta- 
ble type with several modifications included to 
achieve the high frequency, TTL compatible 
operation while maintaining low frequency 
drift with temperature changes. The basic 
oscillator in Figure 6 consists of Q19, Q20, 
Q21, and Q23 with current sinks of Q25 and 
Q26. The master current sink of Q28 keeps 
the total current constant by altering the ratio 
of currents in Q25-Q26 and the dummy cur- 
rent sink of Q27. 


The input drive voltage for the VCO is made 
up of common-mode and difference-mode 
components from the phase comparator. 


After buffering the level shifting through Q17- 


Q18 and Rj5-Ry., the VCO control voltage is 
applied differentially to the base of Q27 and 
to the common bases of Q25 and Q26. 


The VCO control voltages from the phase 
comparator are the pin 4 and pin 5 voltages 
or — 


1 

V4 = Vc9 = VB1i8 = Vom +3 VYDM (2) 
1 

Vs = Vo12 = VB17 = VCM~~s YDM_— (3) 

where Voy and Vpwy are the respective 


common-mode and the difference-mode 
voltages. 


VCO WAVESHAPES 


a 
AT i TIME 


Figure 7 


Emitter followers Q17 and Q18 convert 
these control voltages into control currents 
through Dg and D7 of the form 

1 1 

Ris [vom —-x Vom ~ 3 VBE | (4) 
1 1 

Rie [vom +-z VoM — 3 VBE | (5) 
These individual currents are summed in Dg 
and become with R15 = Rig = R. 


Ig = 


i7 = 


ig =!= Ig + !7 = -£ (Vom ~ 3 VBE) (6) 


Writing Ig and I7 as functions of the to- 
tal | current gives 


V 

le= pRB) (7) 
V 

ie +) @) 


Now consider variations in lg and 17 
while | remains constant. 


Let x indicate the current imbalance such 
that 


a aes a VDM 
le=~x1= 3 --Rr (9) 
V 
Iy=xl=a (1 +—pM) (10) 
where 0 < x < 1. Thus x is defined to be 
V 
x= (tte) (11) 


Currents Ig and I7 establish proportional 
currents in Q25, Q26, and Q27 in a manner 
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similar to the analysis above since the cur- 
rent in Q28 is a constant, or 
lo = IC28 = lE25 + lE26 + lE27A + 
lE27B 


Gilbert (10) has shown that the D7-D, diode 
pair will cause identical differential currents to 
be reflected in both the Q25-Q26 and the 
Q27A-Q27B differential amplifier pairs. Con- 
sequently the constant current of |, jointly 
shared by the differential amplifier pairs will 
divide in each pair with the same x factor 
imbalance as in Equation 11. 


(12) 
(13) 
(14) 
(15) 


le2s + lE26 = xlo 
—_ —_ _X 
le25 = lE26 = oo 
lE27A + lEo7B = (1 — x) Io 


1 — 
(E27A = lE27B =(-p-) lo 


Now consider placing a capacitor between 
the collectors of Q25 and Q26 (pins 12 and 
13). Oscillation will occur with the capacitor 
alternately being charged by Q21 and Q23 
and constantly discharged by Q25 and Q26. 
When the Q21 and Q22 pair conducts, Q23 
and Q24 will be off causing a negative ramp 
voltage to appear at pin 13 and a constant 
voltage at pin 12 as shown in Figure 7. During 
the next half-cycle, the transistor roles and 
voltages are reversed. Capacitor discharge is 


via Q25 and Q26 which act as constant- 
current sinks with current amplitudes as in 
Equation 13. 

During each half-cycle, the capacitor volt- 
age changes linearily by 2AV volts in AT 
seconds where 


AV = 2R20 lo (4+ 15% )= Re lo (16) 
and 
_ C2AV, 
AT = "E55 (17) 


Combining these two equations with Equation 
13 gives a half period of 


4C 
AT = —— (18) 
Utilizing Equation 11 with the AT expression 
gives the desired VCO frequency expression 
of 

aa VOM , 47 VOM 
fo=fo' (1 + “ar ) = fo’ [awey- 3 Vee) 


(19) 


where f,’ is the VCOs free-running frequen- 


cy given by 
a 1 

fo = 6 Rooc 
Equation 19 shows that the oscillator fre- 
quency is a linear function of the differential 
voltage from the phase comparator. Resistors 
R35 and Rag function to insure that an initial 
current imbalance exists between the Q25 - 


(20) 


VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT 


VCO FREQUENCY 
IN MHz 


7 IBIAS = 800 uA 


IBIAS = OA 


a 
800 
Vo IN mV 


Figure 8 
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Q26 transistor pair and the dummy Q27. This 
imbalance insures that the oscillator is self- 
starting when power is first applied to the cir- 
cuit. 


The VCO conversion gain is determined as 


tg ti’ 


Ko = dVpm~ AI Hz / volt 


(21) 


which is valid as long as the transistors Vee 
changes are small with respect to the 
common-mode voltage. Both f, and Ky are 
inversely proportional to R which has a strong 
positive temperature coefficient. An internal 
current lp having an equal and opposite nega- 
tive temperature coefficient is inserted into 
the VCO as shown in Figure 6. 


Experimental determination of K, can be 
found from the data of Figure 8 where K, is 
the slope of either line. Numerically these 
results are for Igias = 0. 


MH 
Ko = 0.95 Var = 5.9 x 106 ae (22) 
and for ipias = 800uA 
MHz rad 
Ko =1.7 Voip = 10.45 x 108 Voigeg (23) 


It must be noted that the specific values ob- 
tained for Kg in the manner above are valid 
only for the !|.OMHz free-running frequency 
where the data was taken. However, good 
estimates for Ko at other free-running fre- 
quencies can be obtained by linearly scal- 
ing Ko to the desired fo’. Thus it is 
sometimes convenient to define a normal- 
ized Ko as 

Ko(norm) = roe 5.9 1a¢ (IBIAS = 0) 


rad 


= 10.45 7) (iBiAS = 800uA) (24) 


The Ko estimate for any bias then can be 
obtained by multiplying the normalized con- 
version gain by the desired free-running fre- 
quency, or 

Ko (any fo’) = Ko(norm) fo’: (25) 
The additonal VCO circuitry of Q29 through 
Q36 functions to produce the TTL and ECL 
compatible outputs at pins 9 and 11. 


Amplifier 

The difference-mode voltage from the phase 
comparator is extracted and amplified by the 
amplifier in Figure 1. Tne single-ended output 
from this amplifier serves as input signals for 
both the Schmitt Trigger and a second differ- 
ential amplifier. Low-pass filtering with a large 
Capacitance at pin 14 produces a stable dc 
reference level as the second input to the 
Schmitt Trigger. When the PLL is locked, the 
voltage at pin 14 is directly proportional to the 
difference between the input frequency and 
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POST DETECTION PROCESSOR FOR FSK > 


SCHMITT TRIGGER 


HYSTERESIS 
ADJUST 


(A) LOW DATA RATES WITH NEGLIGIBLE CARRIER FEEDTHROUGH 


Voci0) 


1 : 
FSK OUT | | ‘2 
5 


(B) FALSE FSK OUTPUTS DUE TO FEEDTHROUGH AND LOW HYSTERESIS 


— 
| TIME. 


FALSE “1° 


FALSE "0" 


(C) INCREASED HYSTERESIS RESTORES PROPER FSK 
OUTPUT IN THE PRESENCE OF FEEDTHROUGH 


UTP 
LTP 


Voc(0) 


Figure 10 
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f,’. Thus pin 14 provides the demodulated 
output for a FM input signal. 


Schmitt Trigger 

In FSK applications the pin 14 voltage will 
assume two different voltage levels corre- 
sponding to the mark and space input fre- 
quencies. A voltage comparator could be 
used to sense and convert these two volt- 
age levels to logic compatible levels. How- 
ever at high data rates, Vpjy will contain a 


- considerable amount of carrier signal which 


can be removed by extensive filtering. Nor- 
mally this complex filtering requires quite a 
few components, most all of which are ex- 
ternal to the monolithic PLL. Also since the 
control voitage for the comparator depends 
upon Ko and the deviations of the mark and 
space frequencies from fo’, the filtering has 
to be optimized for each different system 
utilized. However the necessary dc refer- 
ence level for the comparator is present in 
the PLL but buried in carrier frequency 
feedthrough which appears as noise in the 
system. A Schmitt trigger with variable hys- 
terisis can be used successfully to decode 
the FSK data without the need for extensive 
filtering. 


Consider the system shown in Figure 9 where 
the input signal is the single-ended output 
derived from the amplifier section of the 564. 
The dc retriever functions to establish a de 
reference voltage for the Schmitt trigger. The 
upper and lower trigger points and adjustable 
externally around the reference voltage giving 
the variable hysteresis. For very low data 
rates, carrier feedthrough will be neglible and 
the ideal situation depicted in Figure 10 
results. Increased data rate produces the car- 
rier feedthrough shown in the (b) figure where 
false FSK outputs result because the feed- 
though amplitude exceeds the hysteresis volt- 
age. Having the capability to increase the 
hysteresis as in (c) produces the desired FSK 
output in the presence of carrier feedthrough. 


Another important factor to be considered is 
the temperature drift of the f,’ in the VCO. 
Small changes in f,’ will change the dc level 
of the input voltage to the Schmitt trigger. This 
dc voltage shift would produce errors in the 
FSK output in narrow-band systems where 
the mark and space deviations in f,, are less 
than the f,’ change with temperature. How- 
ever this effect can be eliminated if the dc or 
average value of the amplifier signal is 
retrieved and used as the reference voltage 
for the Schmitt trigger. In this manner, varia- 
tions in the f,’ with temperature do not affect 
the FSK output. 
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FREQUENCY SYNTHESIS WITH 
THE NE5S64 


Frequency multiplication can be achieved 

with the PLL in two ways: 

a Locking to a harmonic of the input signal. 

b Insertion of a counter (digital frequency 
divider) in the loop. 


Harmonic locking is simpler and usually can 
be achieved by setting the VCO free-run- 
ning frequency to a multiple of the input fre- 
quency and allowing the PLL to lock. 
However, a limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. This limits the practical harmonic 
locking range to multiples of approximately 
less than ten. For larger multiples, the sec- 
ond scheme is more desirable. 


A block diagram of the second scheme is 
shown in Figure 1a. Here, the loop is broken 
between the VCO and the phase comparator 
and a counter is inserted. In this case, the 
fundamental of the divided VCO frequency is 
locked to the input reference frequency so 
that the VCO is actually running at a multiple 
of the reference frequency. The amount of 
multiplication is determined by the counter. 
An obvious practical application of this multi- 
plication property is the use of the PLL in wide 
range frequency synthesizers. 


In frequency multiplication applications it is 
important to take into account that the 
phase comparator is actually a mixer and 
that its output contains sum and difference 
frequency components. The difference fre- 


quency is dc and is the error voltage which 
drives the VCO to keep the PLL in lock. The 
sum frequency components (of which the 
fundamental is twice the frequency of the in- 
put signal) if not well filtered, will induce in- 
cidental FM on the VCO output. This occurs 
because the VCO is running at many times 
the frequency of the input signal and the 
sum frequency component which appears 
on the control voltage to the VCO causes a 
periodic variation of its frequency about the 
desired multiple. For frequency multiplica- 
tion it is generally necessary to filter quite 
heavily to remove this sum frequency com- 
ponent. The tradeoff, of course, is a re- 
duced capture range and a more under- 
damped loop transient response. 


Producing a large number of frequencies with 
close spacing requires a counter with a large 
N for the system of Figure 1(a). Large N val- 
ues. in turn, require reference frequencies 
too low to be practicai for commercially availa- 
ble crystals. To overcome this difficulty, a sec- 
ond counter (+ M) is inserted as a prescaler 
as in Figure 1(b) to divide down the reference 
frequency input. This also gives more pro- 
gramming flexibility since the synthesized 
output frequencies are functions of both M 
and N integers, each of which can be 
changed separately. As an example of frac- 
tional frequency synthesis, the two counters 
can be set to generate an output frequency 
exactly 16/3 of the input reference frequency. 
In this case N = 16, M=3, and the initial f,’ is 
set to approximately 16/3 times the reference 
frequency input. The output always will be 


FREQUENCY SYNTHESIS USING PLLs 


(a) FREQUENCY MULTIPLICATION 


{ AMPLIFIER | 


PHASE | LOW PASS | 
COMPARATOR | f 6FILTER ff 


IN LOCK nf, 
fin =f 

tin = folN 

fo = NF, 


(b) FRACTIONAL-FREQUENCY SYNTHESIS | 


REFERENCE 
INPUT 


-M 
COUNTER 


IN LOCK 


a=te 


tin 


fin = fy 


MON 


fo = uM fin 


Figure 1 


exactly 16/3 of the input frequency as long as 
the PLL remains in lock. 


PLL frequency synthesizers based upon Fig- 
ure 1b find wide applications in many types of 
communications systems that require pre- 
cisely spaced channels having narrow band- 
widths which are centered around relatively 
high frequencies. For example, Citizens Band 
(CB) transceiver applications require forty 
channels corresponding to forty different ref- 
erence frequencies, each separated by 
10kHz bandwidths and centered in the 26 - 
27MHz range. Channel 4 uses 27.055MHz; 
Channel 5 uses 27.015MHz; Channel 6 uses 
27.025MHz; ard so on. These frequencies 
could be produced by using forty different 
crystals - one for each channel. However, this 
becomes expensive and adds unnecessary 
complexity to the system. Frequency mixing 
techniques have been employed to reduce 
the number of crystals needed to less than 
One crystal per channel. For example one 
common mixer design uses 14 crystals for 23 
channels. As a general rule, most practical 
approaches that use numerous crystals and 
mixers to produce discrete frequencies 
require more than one crystal for every two 
channel frequencies produced. As the num- 
ber of channels grows large, frequency syn- 
thesis using PLLs becomes more attractive, 
especially since usually only one or two crys- 
tals are needed. Frequency stability of all 
channels will be essentially the same as that 
of the crystal reference frequency. Reduced 
system complexity, size, weight, and power 
consumption are key advantages of PLL syn- 
thesizers. 


PHASE 


p +N : ‘ 
; COUNTER § 


; LOW PASS 
FILTER 
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FRACTIONAL FREQUENCY SYSTHESIS WITH THE 564 


(b) CIRCUIT IMPLEMENTATION 


(c) WAVESHAPES 
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Since the function of frequency synthesiz- 
ers is to generate frequencies and not to lin- 
earily decode or demodulate input signals, 
digital PLLs are more commonly used than 
analog loops. 


Analog PLLs also can be used for frequency 
synthesis applications. The 564 is particu- 
larly well suited for these applications be- 
cause the loop is open between the VCO 
output and the phase comparator input. 
Also the phase comparator input and VCO 
output are compatible with TTL counters. 


NE564 FREQUENCY SYNTHESIS 
WITH CRYSTAL CONTROL 

The system shown in Figure 2 has been used 
to generate frequencies of 5.4MHz and 
21.6MHz from a 3.6MHz crystal-controlled 
source. This reference signal input is pro- 
duced by using the crystal as the frequency 
determining element in the VCO of a second 
PLL. The thermal stability of all three frequen- 
cies will be same as the stability afforded by 
the crystal. It may be necessary to place a 
small detuning capacitor in parallel with the 
crystal to precisely tune the PLL to the crys- 
tals resonant frequency and to prevent oscil- 
lations at harmonics of the resonant 
frequency. The value of this tuning capaci- 


tance must always be kept considerably less . 


than the value required to produce an f,’ with- 
out the crystal present. Otherwise the crystal 
will lose control and the input reference fre- 
quency will be set by the capacitor alone. 


A recommendation for improved 564 opera- 
tion is to utilize a divide-by-N counter in the 
loop which produces ‘square’ waves for the 
phase comparator that have as close to a 
50% duty cycie as possible. Normally 
counters with even N values produce square 
wave outputs perfectly compatible for the 
phase comparator. Counters for odd N values 
more commonly produce unsymmetrical out- 
puts that can be less desirable inputs to the 
phase comparator. An easy modification to 
“square up” odd divide-by-N counter outputs 
is to insert a single toggling flip-flop stage 
between the counter output and the phase 
comparators input. This produces an effec- 
tive 2N multiplication of the input frequency 
within the PLL. The extra factor of two is 
removed by a second toggle flip-flop whose 
input is the output from the first flip-flop. This 
is the same system as was previously shown 
in Figure 2(a) where the +N _ counter 
becomes a +2N and M=2 for the second 
counter. 


FSK Demodulation with the 564 

The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter- 
nal voltage comparator and VCO which 


have TTL compatible inputs and outputs, 
and it can operate from a single 5 volt pow- 
er supply. Demodulated dc voltages asso- 
ciated with the mark and space frequencies 
are recovered with a single external ca- 
pacitor in a dc retriever without utilizing ex- 
tensive filtering networks. An_ internal 
comparator, acting as a Schmitt trigger with 
an adjustable hysteresis, shapes the de- 
modulated voltages into compatible TTL 
output levels. The high frequency design of 
the 564 enables it to demodulate FSK at 
high data rates in excess of 1.0M baud. 


Figure 3 shows a high-frequency FSK de- 
coder designed for input frequency deviations 
of +1.0MHz centered around a freerunning 


frequency of 10.8MHz. The value of the tim-: 


ing capacitance required was estimated from 
Figure 4(a) to be approximately 40pF. A trim- 
mer capacitor was added to fine tune f,’ to 
10.8MHz. 


Figure 4(b) indicates that the + 1.0MHz fre- 
quency deviations will be within the lock 
range for input signal levels greater than 
approximately 50mV with zero pin 2 bias cur- 
rent. While strictly this figure is appropriate 
only for 5MHz, it can be used as a guide for 
lock range estimates at other f,’ frequencies. 


A more thorough analysis confirms these 
lock range conclusions and serves as a 
guide for designing other systems. The 
closed loop gain of the PLL is equal to the 
systems lock range and is found as the 
product of Kq and Ko, or 


2wi = Ky = KgKo (1) 
Bi, m(0. doo 10.78 
radian voit 


(29 x 10.8 x 106 radian ) 
sec 


3x 107 radian 


Qu, = (Lock range total) 


sec 
Thus pin 2 could be left as an open circuit and 
the internally set closed-loop gain would be 
adequate for tracking the mark and space 
input frequencies. However, to be safe, a bias 


adjustment as shown in Figure 3 is recom- 


mended to allow for Ky and K, variations from 
device to device. 


Designing for a capture range of approxi- 
mately 700kHz gives a low-pass filter time 
constant of 


fol 

Wo = — 

: 6 

(2m x 700 x 103) ~ | 7.38 x 10° 
T 


7=0.775 


Therefore, choose the low-pass filter ca- 
pacitor as 


(2) 


wy. = Ky 


C= — = —— =596pF (3) 


Two 300pF capacitors were selected for 
the design. 


Capacitive coupling was used for the FSK 
input and is recommended to avoid de feed- 
through. This dc voltage would act as a dc off- 
set to shift f,’ from 10.8MHz. Balanced 
biasing with the 1.0kQ resistors from pin 7 to 
pins 3 and 6 also is recommended to estab- 
lish symmetrical, quiescent current condi- 
tions in the limiter and phase comparator 
sections of the 564. The 3000 pull-up resistor 
for the VCO output was found to give a rise 
time less than 10ns. This rise time was further 
reduced by adding the 1000 resistor between 
pins 9 and 11. Figure 5 shows an unmodu- 
lated 10.8MHz input signal and the VCO out- 
put. Note the approximate 90° phase lag of 
the VCO output. 


A 0.1nF de retriever capacitor (pin 14) has 
less than 1 ohm impedance at f,’ and repre- 
sents a good compromise between high baud 
rates (~ 100K baud) at f,’ and higher order fil- 
tering. If very high baud rates are used, this 
Capacitor could be made smailer with an 
accompanying increase in the Schmitt trigger 
hysteresis voltage. The hysteresis was 
adjusted experimentally via the 10kQ potenti- 
ometer and 2k bias arrangement to give the 
waveshape shown in Figure 6 for 20K, 500K, 
2M baud rates with square wave FSK modula- 
tion. Note the magnitude and phase relation- 
ships of the phase comparators output 
voltages with respect to each other and to the 
FSK output. The high frequency sum compo- 
nents of the input and VCO frequency also 
are visible as noise on the phase comparators 
outputs. 


The phase comparators outputs exhibit the 
waveshapes shown in Figure 7 when the FM 
input is changed from a square wave FSK 
modulation to a triangular sweep at a 100Hz 
modulation rate. The amplitude of the triangu- 
lar sweep was increased from that used with 
square wave modulation, causing the loop to 
be driven in and out of lock. The loop is 
locked during the smooth, linear portions of 
the phase comparators waveshapes and 
locked during the remaining portions. Lock 
and capture frequencies were measured for a 
pin 2 bias current of 375yA and f,’ = 1.08MHz 
as: 


Lock: fy = 6.2MHz flo = 16.4MHz 


Capture: fe, =9.3MHZ foo = 12.2MHz 


When the loop is locked, the phase detectors 
outputs represent the demodulated FM out- 
put. When unlocked, high frequency harmon- 
ics are present, increasing in amplitude until 
lock is achieved. 
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10.8 MHz FSK DECODER USING THE 564 
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Figure 3 


564 CHARACTERISTICS 


(a) VCO TIMING CAPACITOR VERSUS FREQUENCY (b) LOCK RANGE VERSUS INPUT SIGNAL LEVEL 
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Figure 4 
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PLL INPUT AND VCO OUTPUT FOR PHASE AND PHASE COMPARATOR OUTPUTS SHOWING 
FREQUENCY LOCK AT 10.8 MHz LOCK AND CAPTURE RANGES 


PIN 5 


ERE. Sena 


fU= 117 MHz (tracking range about 10 8 MHz) 
Figure 5 Figure 7 


PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF 


(a) 20K BAUD (b) 500K BAUD 


Figure 6 | 
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Design Example | 

It is desired to design an FSK converter oper- 
ating at 6MHz with deviation of +1%. 
Supply voltage is 5 volts. Input to the 564 


is from a radio receiver with an amplitude of 
0.5 Volts ims: Worst case S/N is 10dB. An over- 


all loop damping factor of 0.5 is oes (¥). 
Using the circuit in Figure 1 


First the frequency determining capacitor 
must be established. Using the equation 
. 1 
f, = —--— where R, is the internal resist- 
°" 25R.Co tC 7 ; 
ance in the VCO oscillator equal to 100 ohms. 
Given two parameters the third is calculated 
fy = 6MHz; therefore 

ioe 

2x x 100 x 6 x 10 


A parallel 2-20pF trimmer and a 47pF +5% 
fixed mica capacitor is chosen. 


Next, signal level versus bias current and lock 
range is examined. 


LOCK RANGE vs SIGNAL INPUT 
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Figure 2. 


The signal input to the 564 is specified to be 
0.5 volts, ms; in the lock range graph, the input 
ievel is well within the limiting region of the 
564. Thus no external AM limiter circuit is 
required and a 10dB S/N (3.1:1) min. should 
provide reliable communication with a narrow 
deviation of + 1% (+ 60KHz) and there is no 
problem with adequate lock range as it per- 
tains to bias current. We are free to use any 
loop gain necessary. The bias current sinking 
into pin 2 is set to an initial value of 200A. 
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FSK DECODER USING THE 564 


HYSTERESIS 
ADJUST 


Figure 1 


It’s now possible to determine the damping 
factor of the closed loop. First the natural fre- 
quency of the loop is calculated from the 
relationship, 


(1) 


where 
radians 


Ko = VCO conversion gain in Sane wll 


Kp =Phase detector conversion gain in 
volts 
radian 
T = Loop filter time constant in seconds 
For f,=6MHz and Ip =200pA, Ko may be 
derived from Figure 3a by first constructing 
an extrapolated transfer line with slope one- 
quarter of the angle between the existing 
Ip = 0 and I, = 800 piots. 
Interpolation gives 
Ko = (1.48- 1.25 MHz) _ Af 
~~ (0.4-0.2 Volt) = AV, 
Multiplying AF by 27 results inf = 1.45 x 10° 
radians/sec at 1MHz and 
Kem 1.45 x 10° rad/sec :. 
0.2 volts 
Next, using the Kp graph (Figure 3b), +1 
radian (-—90°+57°); i.e, A@=1 radian, 
results in an output of 0.6 volts/radian. 


0.6 
1 rad 


g radians 


7.2x10° ————_ 
sec ® volt 


Therefore, Kp = = 0.6 volts/radian at 


1g = 200uA. 


The value obtained for Ko is for data taken at 
1MHz and must be multiplied by 6 in order to 
find the correct value. 


radians 


Therefore, Ko =6 x 7.2x 10° ———— > 
sec ¢ volt 


radians 
sec ® volt 
KoKp = Ky = (4.34 x 10’)(0.6) = 2.6 x 10” 
(loop gain) 


(6MHz) = 4.34 x 10” 


The damping factor specified (0.5) is now 
used to determine the necessary filter time 
constant (pins 4, 5). 


1 1 Wy 
(SS Se 
2T VKoKp 2 Ky7 2Ky (2) 
T 
1 
T= FERRE RT. PIE = 38nS 
(4) (2.6 x 10°X0.5) 


Note that the filters on pins 4 and 5 operate 
differentially with the net effect that break fre- 
quency is 


ees a (single pole filter — 3B freq.) 
Now solving for w, using (1): 
7) Vf; 
= eee) * = 26x 10° radians/sec 


3.8x 107° 


f, = 4.14MHz (natural frequency of the loop 
and approximate one-sided capture 
B.W) 
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The value of the loop filter capacitor may be 
determined by dividing the time constant by 
the value of the internal resistance 1.3K ohm. 


T 3.8x 1078 
Oar ARR PON ie 
1.3K ohm  1.3x 10 
= 29pF 


This value filter time constant will give a less- 
than-critically-damped response allowing the 
fast excursion in VCO frequency necessary to 
good FSK reception. The tradeoff between 


VARIATION OF THE PHASE COMPARATOR’S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 


response speed and carrier frequency har- 
monic rejection will have to be considered. A 
longer time constant gives more carrier rejec- 
tion but slower response and less damping. 
(Refer to equation 2.) 


The next step is to test the circuit under actual 
Operating conditions with the specified FSK 
signal. The level on pin 15 (hysteresis adjust) 
must be set in the vicinity of + 1.4 volts in 
order to attain proper FSK demodulation. 
Final signal tests may be carried out with 


AND BIAS CURRENT (Kp) 


Vo - PHASE COMPARATOR'S 
OUTPUT VOLTAGE IN mv 


t 


t, 2 1. OMHz 


| 
| 


noise injected through a resistive summing 
network at the input (pin 6) to simulate the 
10dB S/N. 


Note that the loop filter response actually 
operates on the frequency spectrum above 
(+) and below (—) the carrier center fre- 
quency or center of deviation for a symmetric 
FM or FSK signal. This may be seen in Figure 
Z ) 


VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (Kp) 


YCO FREQUENCY 
IN MHz 


1.6 > Ipiag2 BOGuA 
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igiaS = 400LA 


Y 


© igias = OA 
lgias = 800LF 


120 140 160 


Figure 3b 


2 - PHASE 
ERROR IN 
DEGREES 


Figure 3a 


Bandpass Effect of Loop Filter. 
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Figure 4 
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INTRODUCTION — sy 

in order to obtain a local clock signal in 
Muitiplexed Data Transmission systems, a 
phase aid frequency coherent method of 
signal extraction is required. A Master- 
Slave system using the quartz crystal as the 
primary frequency determining element in a 
phase lock loop VCO is used to reproduce a 
phase coherent clock from an asynchronous 
Data Stream. | 


The NE564, a versatile phase locked loop 
(PLL) operating at frequencies of 50MHz, 
has inputs and outputs designed to be TTL 
compatible. The Signetics NE564 is used to 
generate the phase locked, crystal-stabi- 
lized clock reference signal. 


Its particular adaptation, for use with a cry- 
stal-controlled VCO instead of the usual R-C 
control elements, requires a brief review of 
the principles of the Phase Lock Loop de- 
sign. 


The NE564 Phase Locked Loop is a fully 
contained system, including limiter, phase 
detector, VCO, dc amplifiers, dc retriever 
and output comparator (reference figure 1). 
For the clock regeneration system to be dis- 
cussed the portions of the NE564 imple- 
mented are the input limiter, phase detector 
and VCO. 


The signal limiter amplifies low ievel! inputs 
(until saturation is reached, which is typical- 
ly 6Omv p-p for the NE564). The signal limit- 
er output is fed to the phase detector, where 
the “unknown” input is compared to the 
“known” VCO frequency of the NE564. The 


differential error signal that is generated is 
fed through a dc amplifier and a voltage to. 
current converter. The change in the current 
generated forces the VCO frequency to vary 
in its frequency and/or phase relationship, 


‘such that a 98 of 90 degrees lagging is ob- 


tained (the actual phase relationship may 
be somewhat less than 90 degrees depend- 
ing upon the KqKo (gain) product of the 
NE564 at the operating frequency and bias 
current). The external filtering incorporated 
at pins 4 and 5 control the dynamic frequen- 
cy response and loop stability criteria. 


The NE564 is a first order system; therefore, 
the use of single capacitors (at pins 4 and 5) 
will automatically create a “second order” 
system. An R-C series filter combination will 
cause a lead-lag condition that will permit 
dynamic selectivity, along with closed loop 
stability. 


LOOP GAIN FUNCTIONS 

The phase detector conversion gain (Kg) 
and the VCO conversion gain (Ko) deter- 
mine, in large part, the lock range, capture 
range and linearity characteristics of the 
NE564. These device parameters are both 
dependent upon bias current and. operating 
frequency. Some typical curves for each of 
the parameters are shown for the NE564 in 
figures 2 and 3. The reader should refer to 
the Signetics Phase Locked Loop Design 
and Applicetions Manual for a more in-depth 
Study of these parameters and specific in- 
ternal circuit configurations. 


LOW PASS 
FILTER 


THE CLOCK REGENERATOR 
CIRCUIT 


The basic building blocks of the clock re- 
generator circuit are shown in figure 4. The 
PLL is shown as a frequency multiplier incor- 
porating a divide by “N” in the VCO-phase 
detector feedback loop (reference to the 
Signetics PLL Manual will provide greater in- 
depth explanation of a frequency multiplier). 
The functions of the ringing circuit and the 
NE527 high speed comparator will be dis- 
cussed later. 


The wave forms of figure 5 indicate the 
waveforms transmitted over a T1 line. The 
bipolar signal transmitted has “no” dc com- 
ponents induced in the transmission line 
(reference should be made to the effect of 
normal mode and common effects on signal 
information). When transmitted over tele- 
phone wire pairs, the resultant signal (at the 
receive end) will have been degraded in 
both waveshape and signal-to-noise ration. 
Typical attenuation factors for a T1 line are 
~—30dB per 6000 feet. 


In addition, pair-to-pair cross talk can de- 
grade. signal-to-noise ratios. The energy 
transmitted in the bipolar system of signal 
transfer is centered at 772kHz (generated 
by the bit format). 


At the receiving end the bipolar signal infor- 
mation is converted to a unipolar pulse train 
after being amplified, filtered and fed 
through an dutomatic level control circuit. 
Some types of PCM systems use the recti- 
fied and filtered dc (average) to control the 
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VARIATION OF THE PHASE COMPARATOR’S OUTPUT VOLTAGE VERSUS PHASE ERROR AND BIAS CURRENT 


Vp - PHASE COMPARATOR'S 
OUTPUT VOLTAGE IN mv 
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Bias = 400A 
a 
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Figure 2 
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VCO OUTPUT FREQUENCY AS A FUNCTION OF INPUT VOLTAGE AND BIAS CURRENT 


phase of the regenerator clock; however, in 
newer systems, bipolar signals are prepro- 
cessed (or preconditioned) by terminal com- 
mon equipment resulting in unipolar 
information. 


T1 Data Transmission 

The bipolar signal as transmitted on a T1 
line appears below with the original binary, 
converted unipolar and clock waveform (ref- 
erence figure 5). 


The bipolar signai when transmitted over 
standard wire pairs will be degraded both in 
wave shape and signal to noise by the time it 
reaches the signal repeater. This is due to 
the attenuation factor of the cable which is 
nearly -30dB for 6000 ft. In addition, pair to 
pair cross talk degrades signal to noise. The 
energy in the transmitted bipolar signal is 
centered at 772kHz due to the particular bit 
format. Bipolar signais have no dc offset. 


At each receiving station the bipolar signal 
is amplified, filtered and fed through an 
automatic levei contro! circuit. A full wave 
rectified signal is then sent to the clock re- 
generation circuit. This je essentialiy the for- 
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REGENERATED 
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Figure 4 


mat followed by some of the original T1 re- 
peater equipment. The clock regeneration 
circuit described here could be adapted to 
this system. 


THE T1 SPECTRUM 

The bipolar signal is similar to NRZ data in 
that it does not contain carrier information. 
in order to give the PLL coherent frequency 


information sufficient to obtain “capture” 
and lock, carrier components must be ob- 
tained from the data stream. The time dura- 
tion of the frequency information fed to the 
PLL is also important in order to obtain ac- 


NOTE 
“The PLL clock regeneration circuit is fully compatidie with 
NAZ data and needa no signal processing for this format. 
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323.6n8 


Figure 6 


curate and stable information to update the 
PLL. In order to begin the extraction of fre- 
quency information, the positive going por- 
tions of the bipolar data signals are used to 
drive a class “C” transistor tank circuit (ref- 
erence figure 4) which is sharply tuned to 
the basic clock frequency (1.544MHz). Each 
positive half cycle of data then starts a 
wave train of coherent information which is 
phase synchronous with each succeeding 
positive data bit. When the L-C tank is opti- 
mally tuned, relatively extended periods 
without data bits can be tolerated with mini- 
mal loss of frequency and phase informa- 
tion. The combination of good short term fre- 
quency stability of the high “Q” L-C tank, 
coupled with the long term stability of the 
crystal controlled VCO, is the foundation of 
the NE564 clock regeneration system accu- 
racy. 


It must be emphasized that data pulse syn- 
chronization of the pre-processing circuit 
_ must be frequency coherent with the funda- 
mental period of the time base to be extract- 
ed. That is, if the time period of the clock is 

= T, where fo is the clock frequency, 
thén the spacing between any positive code 
bit sequence must be n x t (reference figure 
6). 


Looking at the spectral analysis of the rela- 
tive energy available to the clock extraction 
circuitry (with a worst case duty cycle of 1 of 
16) will demonstrate the need for 
enchancing the particular desired frequency 
component before applying the signal to the 


Phase Lock Loop. For fg = 1.544MHz, the. 


period is F = 647.67ns. The pulse or bit 
width is 323.8ns. 


Here the bit duration 323.8ns = b. The 
Fourier expansion of the discrete spectrum 
is related by the following equation. 


sin( —— ) 
( Ab T 
Fin) = T nb pees 
T 


The basic frequency component resulting 
from various bit spacing factors is defined 
by the equation 


T (2) 
where ft < fg = 1.544MHz 
If we consider the special case of a single 
pulse present out of 16 bipolar or 32NRZ 
periods, then 
16 bipolar bit times 


= 16 x 647.67ns = 10.36usec 
= 96.5kHz 


| a 


wt 


-OBBMHz 
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Accordingly, the spectral lines will be 
spaced in multiples of 96.5kHz. The spec- 
trum for this particular worst case condition 
is shown in figure 7 below. 


Solving equation 1 for the relative amplitude 
of the 1.544MHz spectral component with 
the pulse spacing shown, 


| sin ( 16xb ) 
F (Ab) T 
M18) et (1820 
T 
where T = 2nb, n = 16. 
ein Peed 
a feht sg 320 A 2 
~~ (2)(16)b (1626 32 r 
eer = (.02)A 
= —34d8 


It is evident that as the bit spacing in- 
creases to the point where fg is the 16th 
harmonic of the fundamental, very little fo 
energy is available to drive a phase lock 
regeneration circuit. F( 4g) is a bad case 
since it is an even subharmonic of fo. The 
PLL will not normally lock to even 
harmonics; in fact, an error signal is pro- 
duced which tends to force the VCO out of 
lock. This fact further stresses the need for 
preprocessing in the frequency domain. The 
class “C” pulsed resonant tank significantly 
multiplies the magnitude of the fg spectral 
component and filters out unwanted 
subharmonics. 


The loop error voltage available from the 
phase detector for phase correction of the 
VCO is directly related to the product of the 
incoming coherent spectral energy multi- 
plied in the balanced mixer with the refer- 
ence signal derived from the VCO. Since the 
phase error information is integrated in the 
loop filters, the instantaneous magnitude of 
the dc error voltage is proportional to the 
time integral of coherent mixer products. 
Thus, as the magnitude and time duration of 
the desired frequency component is in- 


Figure 7 | 
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creased in the preprocessing circuitry, the 
VCO phase accuracy is greatly improved. 
Capture time is obviously enhanced aiso. 


The signal from the tuned tank is buffered by 
a FET follower N-channel enhancement 
mode device (reference figure 12). This pro- 
vides power gain with virtually no loading on 
the tank circuit and avoids degrading the 
‘“Q”. The buffered signal is then fed to a high 
speed comparator (Signetics NE527) which 
allows for waveform symmetry adjustment in 
addition to providing a standard TTL output to 
drive the NE564 PLL. 


In the particular circuit shown in figure 12, 
the 1.544MHZz information is applied to the 
phase detector input of the NE564 Phase 
Lock Loop. The VCO, however, is operated 
at four (4) times this frequency to order to 
take advantage of economical and readily 
available crystals. The VCO signal is fed 
through a divide-by-four counter (74LS73) 
to provide the Phase Detector reference 
and final regenerated clock signal. To avoid 
loading, the clock signal (1.544MHz) is 
buffered by the 75451 peripheral driver 
which provides a high speed open collector 
TTL output. The input signal is AC coupled in 
order to reduce dc bias errors in the Phase 
Detector caused by “O” level variations. 


Figure 8 


The Crystal 

The crystal used was chosen to match the 
NE564 VCO drive characteristics. It is an 
“AT” cut oscillator crystal which operates 
near the anti-resonate or “parallel” mode in 
this circuit. The crystal may have to be fine 
tuned, as indicated in figure 8. The pulling 
characteristic of the crystal is adequate to 
allow for 0 to 70°C operational drift plus 
initial and aging accuracy tolerance factors 
and still retain lock between master and 
slave station VCXO’s. The average lock 
range at room temperature with one of six- 
teen data bits present is typically 1000Hz 
for a 6.176MHz crystal with a capture range 
greater than 500Hz. 


For VCO operation at 6. 176MHz, Cg is 22pF, 


Co is 18pF, and Cy, a 1-8pF trimmer capaci- 
tor (reference figure 8). 
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NE 564 CRYSTAL 
CONTROLLED VCO 


As shown in figure 8, the crystal is operated 
with a series capacitor. When properly 
trimmed, this allows the crystal to operate 
near the series resonant mode. A crystal 
manufactured to operate in the series reso- 
nant mode will do so only if it sees a pure 
resistance looking into the oscillator termi- 
nals. The circuit below shows an oscillator 
which looks inductive with the equivalent 
crystal circuit and trimmer capacitor Cy (ref- 
erence figure 9). 


If Lo is small and the internal gain of the 


device high over a wide frequency range, Lo 


may resonate with the Co of the crystal at a 
very high frequency. Under certain condi- 
tions the circuit may even tend to operate in 
the 3rd overtone mode unless measures are 
taken to roll off the circuit gain. This is the 
purpose of Cg in figure 8. Since the gain of 
the VCO is a factor in spurious oscillation, 
the current injected into pin 2 will also have 
an effect in this respect. (Ko increases with 
Ip). At higher operating frequencies this pa- 
rameter may become more critical in attain- 
ing stable start ups in the desired frequency 
mode. Obviously the size of Cg must be 
smaller than the value needed to cause free 
running near the desired frequency without 
the crystal connected. 


CRYSTAL SPECIFICATION 

Crystals may be manufactured to operate in 
either the series mode with no external ca- 
pacitance (purely resistive load) or in the 
parallel mode with a specified value of load 
capacitance. The 564 tends to operate at a 
frequency above the specified value when a 
series mode crystal! is used. For a design 
frequency of 6.176000MHz and zero load 
capacitance. Referring to figure 8, for Cg = 
10pF and Cr = 10pF the average center 
frequency for an NE564 sample measured in 
the lab was 6181.192kHz. For the same Cg 
but with Cy equal to 60pF, fo measured 
6176.565kHz. A ascond crystal showed a 
spread of 6176.600kHz to 6180.855kHz. 
The effect of the VCO was to pull the xtal to 
a frequency above its design value. This ef- 
fect is then nearly tuned out by the external 


capacitances Cz and Cr. If Cr is sufficiently 
increased, the crystal will see a purely re- 
sistive load and operate at its rated 
frequency. 


A second approach is to specify a crystal 
which is to operate near the anti-resonate or 
parallel mode. Normally this is done with a 
certain value of external load capacitance 
specified by the customer which matches 
the existing circuit parameters. The maxi- 
mum difference between series and parallel 
resonance for any crystal is 0.5% of fo (se- 
ries resonant mode) For f, = 6.126MHz, 
0.5% of f- = 30kHz. The usual value would 
be lower than this. (fg = f-V1 + +—, fo = 
electromechanical coupling factor, fg = par- 
allel resonant frequency). The particular cut 
of the crystal material determines the drift 
response over temperature. For oscillator 
applications the AT cut offers the best over- 
all stability over a wide frequency and tem- 
perature range. Final design uses second 
approach. 

For a stability or total tolerance of 
+ 15ppm over the rated operating range of 
—20°C to +70°C, a certain manufacturer's 
crystal actually performed as shown above. 
(Refer to figure 11.) 


Calibration accuracy is the allowable fre- 


' quency tolerance at the reference tempera- 


ture, i.e. + 10ppm @ 25°C. 


Third is a long term drift spec which deter- 
mines the customer's maximum allowable 
drift due to aging effects. An acceptable val- 
ue in quality crystals is + 2ppm/year. 


Using our reference crystal of 6. 176MHz and 
the above specifications, the crystal limits 
over a 1 year period would be: 


Temperature 

stability: + 15ppm x 6.176 
= + 93HZ 

Calibration 

tolerance: + 10ppm x 6.178 
= + 62Hz 

@ 25°C | 

Long term drift: +2ppm x 1x 6.176 
= + 12Hz 

Total-— (+ 167Hz) 


The above figure of +167Hz then deter- 
mines the capture and lock range over which 


Co = XTAL SHUNT CAPACITORS 


C4 = EQUIVALENT XTAL 
SERIES RESONANT 
ARM CAPACITANCE 


L, = EQUIVALENT MOTIONAL 
INDUCTANCE 


Ry = EQUIVALENT CRYSTAL 
SERIES RESISTANCE 


Cg = EXTERNAL SHUNT OR 
STRAY CAPACITANCE 


Figure 9 
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Figure 10 
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two crystal stabilized VCO’s must track un- 
der worst case conditions when the exact 
same crystal specifications are used for 
master and siave units within an operational! 
system. 


CRYSTAL SPECIFICATIONS 

‘AT’ CUT OSCILLATOR TYPE 

Fundamental mode operation HC-35 Casa 
(Standard) 


Calibration tolerance: 
+iQppm @ 25°C 


Temperature stability: 
x 15ppm; - 16°C ta +68°C 


Circuit operating condition: 
Parallel resonance 


Frequency specified: 6.17BQ00MHz 


Part designation: 
Groven #A330 DEF-32 or equivalent 


Set-up Procedure 

Referring to figure 12, the following set-up 
procedure will sid the user in establishing 
proper circult operation. 


Regulated supply voltage of +5 and --6 
volts ars required. Currant drain on the +4V 
line ia ~ 100mA, and 6mA for the —6Y. 


With proper voltage applied (1), first check 
the supply currents to be eure they are in the 


ee a 
ie 


DESIGN EXAMPLE 
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+70°C 


Figure 11 
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range indicated above. (2), check the opary- 
ation of the NE564 VCXO by looking at pin & 
with an oscilloscope (see figure 13). A rea- 
sonably symmetric square wave should be 
present, having a frequency near 6. 1MHz. 
(3), attach a OVM across the 2K resistor 
which feeds pin 2 of the NE564 and adjust 
for a reading of 2.00 volts, indicating a 1 
miliampere dc current flowing into pin #2. 


{The (+) lead of the DVM shouid be con- 
nected to the end of the 2K resistor which 
ties to the wiper of the 10K pot and the (—) 
igad to pin 2 of the 564. Reference figure 
14). 


(4), the exact center frequency is set by 
adjusting Cy, the crystal trimmer cap, for ex- 
actly 6.17800CMHz with no signa! input 
(This sete the center frequency of the VCXO 
to free run in the center of the capture 
range.). 


(5), enabis strobe ‘A’ and 'B’ with a +2.7V 
min. to +5V max. level. Apply a standard 
1.544MBS NAZ data signal to the input ter- 
minal, terminated in 50 ohms. The amplitude 
should be +3 to +5V (0 to peak). Set the 
duiy cycle for 1 bit in a 16 bit period. Note 
the data generator must be driven from a 
crystal controlled master oscillator aiso 
adjusted for a center data rate of 1.544 
OOOMBS. Monitor the buffered output of the 
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ringing circuit with a scope connected to the 
source of the $D213 (figure 15). 


The waveform should appear as in figure 17. 


(6), adjust tank trimmer cap Cy for a maxi- 
mura amplitude and note that the cycle peri- 
od should be 647 nanoseconds. (7), Now 
monitor the comparator output signal at pin 
7 and adjust Ry for a 50% duty cycle. The 
same signal will appear at pin 5 of the 
NE527 except it will be inverted. The signal 
on pin 7 of the NE527 and pin 6 of the NE564 
should appear as shown in figure 19. Now 
attach one lead of a dual trace scope to pin 
7 of the NES27 and the other to pin 3 of the 
NE564 as shown (figure 16). 


The two signals should be in phase lock with 
arm approximate 90° differential as shown in 
figure 20 (data signal applied to input @ 
1.544MBS). If lock does not occur, a slight 
trimming of the crystal trimmer Cy should 
correct for slight differances in master to 
slave crystal tolerance. It is recommended 
that master and slave crystals be of the ex- 
act same design and specification to insure 
optimal tracking over time and temperature. 
A recommended manufacturer and part num- 
ber appears at tne end of this application 
note for your convenience. 


Once lock is attained, move one lead of the 
dual trace scope to the buffered output of 
the 75451 pin 3, leaving the other scope 
probe on pin 6 of the NE564. The phase 
locked waveform should appear as in figure 
25. lf a data word generator is being used, 
you may check overall operation for various 
bit patterns by synchronizing the scope trig- 
gar on the “end of word” pulse, then observe 
the phase error effect as different combina- 
tions are fed in. 


PHASE JITTER 

When operating with real time A-D data 
transmission, the PLL loop filters must be 
optimized to minimize regenerated clock jit- 
ter. A good grade of mylar capacitor is rec- 
ommended as connected to pins 4 and 5 of 
the NES64. A simple pair of shunt connected 
loop filter caps of 0.33 uF to 0.76uF was 
found to be adequate. 
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RINGING CIRCUIT TO SQUARE WAVE CONVERSION 
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Figure 14 


Figure 16 


RINGING CIRCUIT RESPONSE 
(4 DATA PULSES IN 16) 
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Figure 25 
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CIRCUIT DESCRIPTION OF THE NES65 PLL 


CIRCUIT DESCRIPTION OF 
THE NE565 PLL 


The 565 is a general purpose PLL designed 
to operate at frequencies below 1MHz. The 
loop is broken between the VCO and phase 
comparator to allow the insertion of a counter 
for frequency multiplication applications. With 
the 565, it is also possible to break the loop 
between the output of the phase comparator 
and the control terminal of tne VCO to allow 
additional stages of gain or filtering. This is 
described later in this section. 


The VCO is made up of a precision current 
source and a non-saturating Schmitt trigger. 
In operation, the current source alternately 
charges and discharges an external timing 
Capacitor between two switching levels of the 
Schmitt trigger, which in turn controls the 
direction of current generated by the current 
source. 


A simplified diagam of the VCO is shown in 
Figure 1.1, is the charging current created by 
the application of the control voltage Vc. In 
the initial state, Q3 is off and the current I, 
charges capacitor C, through the diode Do. 
When the voltage on C, reaches the upper 
triggering threshold, the Schmitt trigger 
changes state and activates the transistor 
Q3. This provides a current:sink and essen- 
tially grounds the emitters of Q1 and Q2. The 
charging current |, now flows through D,. Q1 
and Q3 to ground. Since the base-emitter 
voltage of Q2 is the same as that of Q1, an 
equal current flows through Q2. This dis- 
charges the capacitor C, until the lower trig- 
gering threshold is reached at which point the 
cycle repeats itself. Because the capacitor C, 
is charged and discharged with the constant 
current |,, the VCO produces a triangle wave 
form as well as the square wave output of the 
Schmitt trigger. 


The complete circuit for the 565 is shown in 
Figure 2. Transistors Q1-Q7 and diodes D,-D, 
form the precision current source. The base 
of Q1 is the control voltage input to the VCO. 
This voltage is transferred to pin 8 where it is 
applied across the external resistor R,. This 
develops a current through R, which enters 
pin 8 and becomes the charging current for 
the VCO. With the exception of the negligible 
Q1 base current, all the current that enters 
pin 8, appears at the anodes of diodes D, and 
D3. When Q8 (controlled by the Schmitt trig- 
ger) is on, Dg is reverse biased and all the cur- 
rent flows through Dz, to the duplicating 
current source Q5-Q7, Ro-R3 and appears as 
the capacitor discharge current at the collec- 
tor of Q5. When Q8 is off, the duplicating cur- 
rent source Q5-Q7, R,-R3 floats and the 
charging current passes through D, to charge 


1" 


The Schmitt trigger (Q11, Q12) is driven from 
the capacitor triangle wave form by the emit- 
ter follower Q9. Diodes Dg-Dg prevent satura- 
tion of Q11 and Q12, enhancing the switching 
speed. The Schmitt trigger output is buffered 
by emitter follower Q13 and is brought out 
to pin 4, and is also connected back to the 
current source by the differential amplifier 
(Q14-Q16). 


When operated from dual symmetrical sup- 
plies, the square wave on pin 4 will swing 
between a low level of slightly (0.2V) below 
ground to a high level of one diode voltage 
drop (0.7V) below the positive supply. The tri- 
angle wave form on pin 9 is approximately 
centered between the positive and negative 
supplies and has an amplitude of 2V with sup- 
ply voltages of +5V. The amplitude of the tri- 
angle waveform is directly proportional to the 
supply voltages. 


The phase comparator is again of the dou- 
bly-balanced modulator type. Transistors 
Q20 and Q24 form the signal input stage, 
and must be biased externally. If dual sym- 
metrical supplies are used, it is simplest to 
bias Q20 and Q24 through external resis- 
tors to ground. The switching stage Q18, 
Q19, Q22 and 423 is driven from the 
Schmitt trigger via pin 5 and D;1. Diodes 
D12 and Dj3 limit the phase comparator 
output, and differential amplifier Q26 and 
Q27 provides increased loop gain. 


The loop low pass filter is formed with an 
external capacitor (connected to pin 7) and 
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the collector resistance Rog (typically 
3.6KQ). The voltage on pin 7 becomes the 
error voltage which is then connected back 
to the control voltage terminal of the VCO 
(base of Q1). Pin 6 is connected to a tap on 
the bias resistor string and provides a refer- 
ence voltage which is nominally equal to the 
output voltage on pin 7. This allows differen- 
tial stages to be both biased and driven by 
connecting them to pins 6 and 7. 


The free-running center frequency of the 
565 is adjusted by means of R; and Cy and 
is given approximately by 


, 1.2 
1s = ApaGy (1) 


When the phase comparator is in the limit- 
ing mode (Vj, = 200mV p-p), the lock range 
can be calculated from the expression: 

2uj = 2KoKqAGgd (2) 
where K, is the VCO conversion gain, Kg is 
the phase comparators conversion gain, A is 
the amplifier gain, and Og is the maximum 
phase error over which the loop can remain in 
lock. Specific vaiues for the terms of Equatian 
2 for the 565 are 


Kd = 14 volts /radian (3) 

A =1.4 (4) 

eq = > radians (5) 
_ 50 fo radians 

Ko = Veco” Volt-sec (6) 


where Vcc is the total supply voltage ap- 
plied to the circuit. 


QO HV 


SCHMITT 
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Figure 1 
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The tracking range for the 565 then be- 
comes: 


fl xt Ch w+ So py. 

L = oF Voc (7) 
to each side of the free-running frequency, 
-or a total lock range of: 


16f 
2fL = ——2 Hz (8) 
Vcc 
The capture range, over which the loop can 


acquire lock with the input signal is given 
approximately by: 


2WC = 2 =k (9) 
where w,_ is the one-sided tracking range 
(10) 
and r is the time constant of the loop filter 

7 = RCo (11) 
The lock-in range can be written as: 


fou tl / 27m cet / S2zfo’ 
ar T 2r Vcc 
(12) 


to each side of the free-running frequency 
or a total capture range of: 


wL = 2rfL 


(13) 


CIRCUIT DIAGRAM OF 565 


SCHMITT TRIGGER 


Figure 2 


This approximation works well for narrow 
capture ranges (fc = 1/3f, but becomes 
too large as the limiting case is approached 
(fo = fi). 


When it is desired to operate the 565 out of its 
limiting mode (V;, <200mV p-p or 32mV rms). 
Ky can be estimated from the graph in Figure 
3 for the specfic input voltage anticipated. 
The previous calculations for the lock and 
capture ranges remain valid with the new 
value of Ky from the graph being used to 
replace the K,A product in Equation 2. In Fig- 
ure 3, the dc amplifier gain A has been 


~ included in the Kg value. 


For applications where both a narrow lock 
range and a large output voltage swing are 
required, it is necessary to inject a constant 
current into pin 8 and increase the value of 
R,. One scheme for this is shown in Figure 4. 


The basis for this scheme is the fact that the 


output voltage controls only the current 
thought R, while the current through Q1 
remains constant. Thus, if most of the charg- 
ing current is due to Q1, the total current can 
be varied only a small amount due to the 
small change. in current through R,. Conse- 
quently, the VCO can track the input signal 
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over a small frequency range yet the output 
voltage of the loop (control voltage of the 
VCO) will swing its maximum value. 


Diode D; is a Zener diode, used to allow a 
larger voltage drop across Ra than would 
otherwise be available. D4 is a diode which 
should be matched to the emitter-base 
junction of Q1 for temperature stability. In 
addition, Dy and Do should have the same 
breakdown voltages and D3 and Dg should 
be similar so that the voltage seen across 
Rp and Rc is the same as that seen across 
pins 10 and 1 of the phase locked loop. This 
causes the frequency of the loop to be in- 
sensitive to power supply variations. The 
free-running frequency can be found by: 


ry 2R 

to (Rp + Fic) Rac; = aRGC, be 13) 

and the total range is given by: 

2tL x 22.4Vp(Ret+RcC)Rafo ia 

(JV s]+[V2]-V2—-V) (8RBR 1+Ra(RB+Rc)] 

(15) 

where Vp is the forward biased diode volt- 

age (~0.7V), Vz is the zener diode break- 

down voltage, V; is the positive supply 

voltage, and Vo is the negative supply volt- 

age. 


LINEAR LS! PRODUCTS 


CIRCUIT DESCRIPTION OF THE NES65 PLL 


PHASE COMPARATOR’S CONVERSION 


GAIN, Kp, FOR THE 565 AS A 
FUNCTION OF INPUT SIGNAL AMPLITUDE 


Kq 
VOLTS/RAD 


DIFFERENTIAL 


ar orsecono| 1 vi “7, | | | 
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ee ee 565 PIN 7 


‘6V SUPPLY 


Figure 3 


When the output excursion at pin 7 need be 
only a volt or so, diodes Dj, Dg and D3 may 
be replaced by short circuits. 


The value of Rj can be selected to give a 
prescribed output voltage for a given fre- 
quency deviation. 


Ra(Rpt+Rc) fo’ 
~RB(V4] +] V2|—0.7) At (16) 
where Af is the desired frequency deviation 
per volt of output. 


In, most instances, Rp and Ra are chosen to 
be equal so that the voltage drop across 
them is about 200mV. For best temperature 
Stability, diode Dy should be a base-collec- 
tor shorted transistor of the same type as 
Q1. 


When the 565 is connected normally, feed- 
back to the VCO from the phase comparator 
is internal. That is, an amplifier makes the pin 
8 voltage track the pin 7 (phase comparator 
output) voltage. Since the capacitor C, 
charge current is determined by the current 
through resistance R,, the frequency is a 


function of the voltage at pin 8. It is possible, 
however, to bypass and swamp the internal 
loop amplifier so that the current into pin 8 is 
no longer a function of the pin 8 voltage but 
only of the pin 7 voltage. This makes a greater 
charge-discharge current variation possible, 
allowing a greater lock range. Figure 5 shows 
such a circuit in which the »A741 operational 
amplifier is set for a differential gain of 5, 


feeding current to pin 8 through the 33KQ_ 


resistor (simulating a current source). Not 
only is the tracking range greatly expanded, 
but the output voltage as a function of fre- 
quency is five times greater than normal. In 
setting up such a circuit, the designer should 
keep in mind that for best frequency stability, 
the charge-discharge current should be in the 
range of 50 to 1500uA which aiso specifies 
the pin 8 input current range, showing that a 
ratio of upper to lower lock extremes of about 
30 can be achieved. 


Many times it would be advantageous to be . 


able to break the feedback connection be- 
tween the output (pin 7) and the control volt- 
age terminal (Q1) of the VCO. This can be 
easily done once it is seen that it is the current 
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NARROW BANDWIDTH FM DEMODULATOR 


USING THE 565 


DEMODULATED 
OQ OUTPUT 


Figure 4 


into pin 8 which controls the VCO freqency. 
Replacing the external resistor R, with a cur- 
rent source, such as the Figure 6, effectively 
breaks the internal voltage feedback connec- 
tion. The current flowing into pin 8 is now 
independent of the voltage on pin 8. The out- 
put voltage (on pin 7) can now be amplified or 
filtered and used to drive the current source 
by a scheme such as that shown in Figure 6. 
This scheme allows the addition of enough 
gain for the loop to stay in lock over a 100:1 
frequency range, or conversely, to stay in lock 
with a precise phase difference (between 
input and VCO signals) which is almost inde- 
pendent of frequency variation. Adjustment of 
the voltage to the non-inverting input of the op 
amp, together with a large enough loop gain 
allows the phase difference to be set at a con- 
stant value between 0° and. 180°. In addition, 
it is now possible to do special filtering to 
improve the performance in certain applica- 
tions. For instance, in frequency multiplica- 
tion applications it may be desirable to 
include a notch filter tuned to the sum fre- 
quency component to minimize incidental FM 
without excessive reduction of capture range. 
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EXPANDED LOCK RANGE CONFIGURATION INCREASED LOOP GAIN AND LOCK 
FOR THE 565 RANGE FOR THE 565 > 


€ 1002 10022 
22K (19 TO 1556 Hz LOCK) 
33K (57 TO 1910 Hz LOCK) 


OUTPUT 


b OO 
-1ov OUTPUT 


. 


“vC=2v 1Q=50 to SOQUA 


Figure 5 Figure 6 
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FSK DEMODULATION 

FSK refers to data transmission by means 
of a carrier which is shifted between two 
preset frequencies. This frequency shift is 
usually accomplished by driving a VCO with 
the binary data signal so that the two result- 
ing frequencies correspond to the “O” and 
“1” states (commonly called space and 
mark) of the binary data signal. 


FSK Demodulation with the 565 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is shown 
in Figure 1. As the signal appears at the input, 
the loop locks to the input frequency and 
tracks it between the two frequencies with a 
corresponding dc shift at the output (pin 7). 


The loop filter capacitor Co is chosen to set 
the proper overshoot on the output and a 
three-stage RC ladder filter is used to re- 
move the sum frequency components. The 
band edge of the ladder filter is chosen to 
be approximately half-way between the 
maximum keying rate (300 baud or bits per 
second, or 150Hz). The free-running fre- 
quency should be adjusted (with R 1) so that 
the dc voltage level at the output is the 
same as that at pin 6 of the loop. The output 
signal can now be made logic compatible by 
connecting a voltage comparator between 
the output and pin 6. 


The input connection is typical for cases 
where a dc voltage is present at the source 
and, therefore, a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to achieve a 
6002 input impedance). 


A more sophisticated approach primarily use- 
ful for narrow frequency deviations is shown 
in Figure 2. Here, a constant current is 
injected into pin 8 by means of transistor Q1. 
This has the effect of decreasing the lock 
range and increasing the output voltage sen- 
Sitivity to the input frequency shift. The basis 
for this scheme is the fact that the output volt- 
age (control voltage for the VCO) controls 
only the current through R,, while the current 
through Q1 remains constant. Thus, if most of 
the capacitor charging current is due to Q1, 
the current variation due to R, will be a small 
percentage of the total charging current and, 
consequently, the total frequency deviation of 
the VCO will be limited to a small percentage 
of the center frequency. A 0.25yF loop filter 
Capacitor gives approximately 30% overshoot 
on the output pulse, as seen in the accompa- 
nying photographs. Figure 3 shows the output 
of the »A710 comparator and the output of the 
565 phase locked loop. 


FSK DECODER USING THE 565 
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SCA Demodulator Using the 565 
This application involves demodulation of a 
frequency modulated subcarrier of the main 
channel. A popular example here is the use 
of the PLL to recover the SCA (Subsidiary 
Carrier Authorization or storecast music) 
signal from the combined signal of many 
commercial FM broadcast stations. The 
SCA signal is a 67kHz frequency modulated 
subcarrier which puts it above the frequen- 
cy spectrum of the normal stereo or monau- 
ral FM program material. By connecting the 
circuit of Figure 5.14 to a point between the 
FM discriminator and the de-emphasis filter 
of a commercial band (home) FM receiver 
and tuning the receiver to a station which 
broadcasts an SCA signal, one can obtain 
hours of commercial free background mu- 
sic. 


+ 10V=Vocst24Vv 


SCA DECODER 


*Voc 
() 


+10 VOLTS 
+24 VOLTS 


1K 
U 
BACKGROUND 
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The 566 is the voltage controlled oscillator 
portion of the 565. The basic die is the same 
as that of the 565; modified metalization is 
used to bring out only the VCO. The 566 cir- 
cuit diagram is shown in Figure 1. Transistor 
Q 18 provides a buffered triangle waveform 
output. (The triangle waveform is available at 
capacitor C, also, but any current drawn from 
pin 7 will alter the duty cycle and frequency.) — 
The square wave output is available from Q 19 
by pin 4. The circuit will opeate at frequencies 
up to 1MHz and may be programmed by the 
voltage applied on the contro! terminal (pin 5), 
by injecting current into pin 6, or by changing 
the value of the external resistor and capaci- 
tor (R, and C,.) 


CIRCUIT DIAGRAM OF 566 


CURRENT SOURCE vco SCHMITT TRIGGER 


Figure 1 
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WAVEFORM GENERATORS 

The oscillator portion of many of the PLLs 
can be used as a precision, voltage-control- 
lable wavetorm generator. Specifically, the 
566 Function Generator contains the oscil- 
lator of the 565 PLL. Most of the applica- 
tions which follow are designs using the 


566. Many of these designs can be modified 


slightly to utilize the oscillator section of 
the 564 if higher frequency performance is 
desired. 


Ramp Generators 

Figure 1 shows how the 566 can be wired as a 
positive or negative ramp generator. In the 
positive ramp generator, the external transis- 
tor driven by the pin 3 output rapidly dis- 
charges C, at the end of the charging period 
so that charging can resume instantaneously. 
The pnp transistor of the negative ramp gen- 
erator likewise rapidly charges the timing 


RAMP GENERATORS 


(a) NEGATIVE RAMP 


t*Vcoc 
@. 


Figure 1 


capacitor C, at the end of the discharge per- 
iod. Because the circuits are reset so quickly, 
the temperature stability of the ramp genera- 
tor is excellent. The period 7 is Va f, where f, 
is the 566 free-running frequency in normal 
operation. Therefore, 


1 RTC 1Vce 
2fo ~~ §(Vee — Ve) (1) 


where Vc is the bias voltage at pin 5 and Ry 
is the total resistance between pin 6 and 
Vcc. Note that a short pulse is available at 
pin 3. (Placing collector resistance in series 
with the external transistor collector will 
lengthen the pulse.) 


T= 


Sawtooth and Pulse Generator 

Figure 2 shows how the pin 3 output of the 
566 can be used to provide different charge 
and discharge currents for C, so that a saw- 
tooth output is availabie at pin 4 and a pulse 
at pin 3. The pnp transistor should be well sat- 
urated to preserve good temperature stability. 


The charge and discharge times may be esti- 
mated by using the formula 


wo LBC Ie... 
5(Voec ame Ve) (2) 


where Ry is the combined resistance he- 
tween pin 6 and Vcc for the interva! consid- 
ered. 


Triangle to Sine Converters 


Conversion of triangle wave shapes to sinus- 
oids is usually accomplished by diode-resis- 
tor shaping networks, which accurately 
reconstruct the sine wave segment by seg- 
ment. Two simpler and less costly methods 
may be used to shape the triangle waveform 
of the 566 into a sinusoid with less than 2% 
distortion. 

In Figure 3, the non-linear lng *Vpg transfer 
characteristic of a p-channel junction FET is 
used to shape the triangle waveform. 


SAWTOOTH AND PULSE GENERATORS 


(a) POSITIVE SAWTOOTH 


“ SAWTOOTH 


_ PULSE 


Figure 2 
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The amplitude of the triangle waveform is crit- 
ical and must be carefully adjusted to achieve 
a low distortion sinusoidal output. Naturally, 
where additional waveform accuracy is 
needed, the diode-resistor shaping scheme 
can be applied to the 566 with excellent 
results since it has very good output ampli- 
tude stability when operated from a regulated 


supply. 


Single Tone Burst Generator 


Figure 4 is a tone burst generator which sup- 
plies a tone for one-half second after the 
power supply is activated; its intended use is 
a communications network alert signal. Ces- 
sation of the tone is accomplished at the 


TRIANGLE-TO-SINE CONVERTERS 
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SCR, which shunts the timing capacitor C, 
charge current when activated. The SCR is 
gated on when C» charges up to the gate volt- 
age which occurs in 0.5 seconds. Since only 
704A are available for triggering, the SC must 
be sensitive enough to trigger at this level. 
The triggering current can be increased, of 
course, by reducing Rp (and increasing C, to 
keep the same time constant). If the tone 
duration must be constant under widely vary- 
ing supply voltage conditions, the optional 
Zener diode regulator circuit can be added, 
along with the new value for Ro, Ro’ = 82k2. 


If the SCR is replaced by a npn transistor, the 
tone can be switched on and off at will at the 
transistor base terminal. 


AMPLITUDE 
ADJUST 


OC LEVEL 
ADJUST 


Figure 3 


SINGLE-BURST TONE GENERATOR 


+12V 


OUTPUT 


Low Frequency FM Generators 


Figure 5 shows FM generators for low fre- 
quency (less than 0.5MHz center frequency) 
applications. Each uses a 566 function gener- - 
ator as a modulation generator and a second 
566 as the carrier generator. _ . 


Capacitor Cy selects the modulation fre- 
quency adjustment range and C,’ selects 
the center frequency. Capacitor Co is a 
coupling capacitor which only needs to be 
large enough to avoid distorting the modu- 
lating waveform. 


If a frequency sweep in only one direction is 
required, the 566 ramp generators given in 
this section may be used to drive the carrier 
generator. 


0.5 SEC TONE 
BURST FOLLOWING 
APPLICATION OF POWER 


Figure 4 
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FREQUENCY MODULATED GENERATORS 
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CIRCUIT DESCRIPTION OF 
THE 567 TONE DECODER 


The 567 is a PLL designed specifically for fre- 
quency sensing or tone decoding. The 567 
has a controlled oscillator, a phase compara- 
tor and a second auxiliary or quadrature 
phase detector. In addition, however, it con- 
tains a power output stage which is driven 
directly by the quadrature phase detector out- 
put. During lock, the quadrature phase detec- 
tor drives the output stage on, so the device 
functions as a tone decoder or frequency 


relay. The tone decoder free-running fre-. 


quency and bandwidth are specified by the 
free-running frequency and capture range of 
the loop portion. Since a tone decoder, by def- 
inition, responds to a stable frequency, the 
lock or tracking range is relatively unimport- 
ant except as it limits the maximum attainable 
capture range. The complete circuit diagram 
of the 567 is shown in Figure 1. 


a 


Qe 2 
Ib 3h -9-- we -9 


CURRENT CONTROLLED 457 


R10 Rit$ R21 


SAI SRI73 R23 


The current controlled oscillator is shown in 


simplified form in Figure 2. It provides both a 
square wave output and a quadrature output. 
The control current |, sweeps the oscillator 
+ 7% of the free-running frequency, which is 
set by external components R, and C,. 


Transistors Q1 through Q6 form a flip-flop 
which can switch pin 5 between Vee and 
+V — Vee. Thus, the RyCy network is driv- 
en from a square wave of +V — 2Vpe_E péak- 
to-peak volts. On the positive portion of the 
square wave, C, is charged through R, un- 
til V4 is reached. A comparator circuit driv- 
en from Cy at pin 6 then supplies a pulse 
which resets the flip-flop so that pin 5 
switches to Vee and C, is discharged until 
Vo is reached. A second comparator then 
supplies a pulse which sets the flip-flop and 
Cz resumes charging. 


CIRCUIT DIAGRAM OF 567 


4+V 
O 


R2 
10K 


The total swing of the capacitor voltage, as 
determined by the comparator sensing vol- 
tages, is 


R22 + R23 
Maye MAS ee EYRE?) Bag tao Rag * Rea 


= K (+V ~—2VpBe) (1) 


Due to the excellent matching of integrated 
resistors, the resistor ratio K may be consid- 
ered constant. Figure 3 shows the pin 5 and 
pin 6 voltages during operation. It is obvious 
from the proportion that t, + to is independent 
of the magnitude of + V and dependent only 
on the time constant R,C, of the external 
components. Moreover, if (V, + Vo)/2= + V/2, 
then t; =t. and the duty cycle is 50%. Note 
that the triangular waveform is phase shifted 
from the square wave. 
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A differential stage (Q22 and Q23) ampli- 
fies the triangular wave with respect to (V 
+ Vo9)/2 to provide the quadrature output. 
(Due to the exponential distortion of the tri- 
angle wave, the quadrature output is actual- 
ly phase shifted about 80°, but no operating 
compromises result from this slight devi- 
ation from true quadrature.) 


One source of error in this oscillator 
scheme is current drawn by the compara- 
tors from the RyC 4 mode. An emitter follow- 


er, therefore, is inserted at X to minimize 
this drain and Q21 placed in series with 
Q20 to drop the comparator sensing volt- 
age one Vpg¢ to compensate for the Veg 
drop in the emitter follower. 


In order to insure that the square wave 
drops quickly and accurately to Vee, an ac- 
tive clamp scheme is applied to the collec- 
tor of Q2. The base of Q9 is held at 2 Vege 
so that as Q2 is turned on its base current, 
its collector is held at Veg. Because Q2 


SIMPLIFIED DIAGRAM OF 567 TONE DECODER 
CURRENT-CONTROLLED OSCILLATOR 
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and Q3 have the same geometry and their 
base-emitter voltages are the same, the 
maximum Q2 current when clamped is es- 


sentially the same as the collector current 


of Q3 (as limited by Rs). The flip-flop was 
optimized for maximum switching speed to 
reduce frequency drift due to switching 
speed variations. 


Current control of the frequency is achieved 
by making Ro; somewhat less than Rog 
and restoring the proper voltage for 50% 


QUADRA- 
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duty cycle by drawing I, of 100uA for the 
R21, Q20 junction. When I, is then varied 
between O and 200uA, the frequency 
changes by +7%. Because of the slight 
shift in the voltage levels V1 and Vo with Io, 
the square wave duty cycle changes from 
about 47% to about 53% over the control 
range. To avoid drift of free-running frequen- 
cy with temperature and supply voltage 
changes when I, ¥ 0, Ig is also made a 
function of +V — 2 VBe. 


A doubly balanced multiplier formed by Q32 
through Q37 (Figure 1) functions as the 
phase comparator. The input signal is applied 
to the base of Q32. Transistors Q34-Q37 are 
driven by a square wave taken from the CCO 
at the collector of Q2. Phase comparator 
input bias is provided by three diodes, Q38 
through Q40, connected in series, assuring 
good bias voltage matching from run to run. 
Emitter resistors Rog and Roz, in addition to 
providing the necessary dynamic range at the 
input, help stabilize the gain over the wide 
temperature range. 


The loop de amplifier is formed by Q51 and 
Q52. Having a current gain of 8, it permits 
even a small phase detector output to drive 
the CCO the full + 7%. Therefore, full detec- 
tion bandwidth can be obtained for any in- 
band input signal greater than about 7OmV 
rms. However, the main purpose of high 
loop gain in the tone decoder is to keep the 
locked phase as close to 7/2 as possible 
for all but the smailest input levels since 
this greatly facilitates operation of the qua- 
drature lock detector. Emitter resistors R3g 
and R37 help stabilize the gain over the re- 
quired temperature range. Another function 
of the dc amplifier is to allow a higher im- 
pedance level at the low pass filter terminal 
(pin 2) so that a smalier capacitor can be 
used for a given loop cutoff frequency. 
Once again, emitter resistors help stabilize 
the loop gain over the temperature range. 


The quadrature phase detector (QPD), 
formed by a second doubly-balanced multi- 
plier Q42-Q47, is driven from the quadrature 


> _ output (E,F, in Figure 1) of the CCO. The sig- 


~ nal input comes from the emitters of the input 
transistors Q32 and Q33. 


The output stage, Q53 through Q62, com- 
pares the average QPD current in the low 
pass output filter R3gC3 with a temperature 
compensated current in R39 (forming the 
threshold voltage V;). 


Since Rg is slightly lower in value than Rag, 
the output stage is normally off. When the 
lock and the QPD current Ig occurs, pin 1 
voltage drops below the threshold voltage 
V; and the output stage is energized. 
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The uncommitted collector (pin 8) of the 
power npn output transistor can drive both 
100 - 200mA loads and logic elements, in- 
cluding TTL. 


The K, conversion gain for the 567 tone 
decoder is given by 


, radians 


Ko = 0.44 wo Voit-sec 


(2) 
while the Kg conversion gain depends upon 
the input signal level as shown in Figure 4. 
These parameters can be used to calculate 
the lock and capture range as has been illus- 
trated previously. 


The 567 tone decoder is a specialized loop 
which can be set up to respond to a given 
tone (constant frequency) within its band- 
width. The free-running frequency is set by 
a resistor Ry and capacitor Cy. The band- 
width is controlled by the low pass filter ca- 
pacitor Co. A third capacitor Cg integrates 
the output of the quadrature phase detector 
(QPD) so that the dc lock-indicating compo- 
nent can switch the power output stage on 
when lock is present. The 567 is optimized 
for stability and predictability of free-run- 
ning frequency and bandwidth. 


Two events must occur before an output is 
given. First, the loop portion of the 567 must 
achieve lock. Second, the output capacitor 
C3 must charge sufficiently to activate the 
output stage. For minimum response time, 
these events must be as brief as possible. 


As previously discussed, the lock time of a 
loop can be minimized by reducing the re- 
sponse time of the low pass filter. Thus, Co 
must be as small as possible. However, Co 


also controls the bandwidth. Therefore, the 
response time is an inverse function of band- 
width as shown by Figure 5, reprinted from 
the 567 data sheet. The upper curve denotes 
the expected worst-case response time when 
the bandwidth is controlled solely by C, and 
the input amplitude is 200mV rms or greater. 
The response time is given in cycles of free- 
running frequency. For example, a 2% band- 
width at a free-running frequency of 1000 
cycles can require as long as 280 cycles 
(280ms) to lock when the initial phase rela- 
tionship.is at its worst. Figure 6 gives a typical 
distribution of response time versus input 
phase. Note that, assuming random initial 
input phase, only 30/180 = 1/6 of the time will 
the lock-up time be longer than half the worst 
case lock-up time. Figure 7 shows some 
actual measurements of lock-up time for a 
set-up having a worst case lock-up time of 27 
cycles and a best-case lock-up time of four 
input cycles. 


The lower curve on the graph of Figure 5 
shows the worst-case lock-up time when the 
loop gain is reduced as a means of reducing 
the bandwidth (see data sheet, Alternate 
Method of Bandwidth Reduction). The value 
of Cy required for this minimum response 
time is 


_ 130| 10K + Ra 
C2(min)= 77 oe | a (3) 


It is important to note that noise immunity 


and rejection of out-band tones suffer 


somewhat when this minimum value of Co is 
used so that response time is gained at 
their expense. Except at very low input lev- 
els, input amplitude has only a minor effect 
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GREATEST NUMBER OF CYCLES BEFORE 
OUTPUT FOR THE 567 TONE DECODER 


BANDWIDTH LIMITED BY 
EXTERNAL RESISTOR 


BANDWIDTH (°% of fo) 


Figure 5 


LOCK-UP TIME VARIATION DUE TO 


LOCK-UP TIME (NORMALIZED TO LONGEST LOCK-UP TIME) 


RANDOM INITIAL PHASE FOR THE 


567 TONE DECODER 


Figure 7 


on the lock-up time - usually negligible in 
comparison to the variation caused by input 
phase. 


Lock-up transients can be displayed on a two- 


channel scope with case. Figure 8 shows the. 


display which results. The top trace shows the 
square wave which either gates the input gen- 
erator signal off and on (or shifts the fre- 
quency in and out of the band if you have a 
generator which has a frequency control input 
only). The lower trace shows the voltage at pin 
2, the low pass filter voltage. The input fre- 
quency is offset slightly from the free-running 
frequency so that the locked and unlocked 
voltage are different. It is apparent that, while 
the Cy decay during unlock is always the 
same, the lock transient is different each 
time. 


f; OUTSIDE CAPTURE RANGE 


AN‘187 


LOCK-UP TIME VERSUS INITIAL 
PHASE FOR THE 567 TONE DECODER 


INITIAL PHASE DIFFERENCE (44 - 49) 


Figure 6 


LOCK-UP TRANSIENT RESPONSE 
FOR 567 TONE DECODER 
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This is because the turn-on repetition rate is 
such that a different initial phase relation- 
ship occurs with each appearance of the in- 
band signal. It is tempting to adjust the rep- 
etition rate so that a fast, constant lock-up 
transient is displayed. However, in doing so 
a favorable initial phase is created that is 
not present in actual operation. On the con- 
trary, it is most realistic to adjust the repeti- 
tion rate so that the longest lock-up time is 
displayed, such as the fifth lock transient 
shows. Once this display is achieved, the 
effect of various adjustments in Co or input 
amplitude is seen. However, the repetition 
rate must be readjusted for worst-case 
lock-up after each such change. 


Once lock is achieved, the quadrature 
phase detector output at pin 1 is integrated 


Figure 8 


by Cy to extract the dc component. As C, 
charges from its quiescent value V, (see Fig- 
ure 9) to its final value (Vg*AV), it passes 
through the output stage threshold, turning it 
on. The total voltage change is a function of 
input amplitude. Since the unadjusted V, is 
very close (within 50mV) to V,, the output 
stage turns on very soon after lock. Only a 


small fraction of the output stage-time con- — 


stant (r = 4700C3) expires before V, is crossed 
so that C3 does not greatly influence the 
response time. However, as shown in Figure 
9(a), the turn-off delay time can be quite long 
when C, is large. Figure 9(b) shows how 
desensitizing the output stage by connecting 
a high-value resistor between pin 1 and pin 4 
(positive supply voltage) can equalize the 
turn-on and turn-off time. If turn-off delay is 
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EFFECT OF THRESHOLD VOLTAGE ADJUSTMENT ON 
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Figure 9 


important in the overall response time, then 
desensitizing can reduce the total delay. 


But why not make C3 very small so that 
these delays can be totally neglected? The 
problem here is that the QPD output has a 
large second harmonic component of the 
free-running frequency that must be filtered 
out. Also, noise, outband signals, and differ- 
ence frequencies formed by close out-band 
frequencies beating with the VCO frequen- 
cy appear at the QPD output. All these must 
be attenuated by C3 or the output stage will 
chatter on and off as the threshold is ap- 
proached. The more noisy the input signal 
and the larger the near-band signals, the 
greater C3 must be to reject them. Thus, 
there is a complicated relationship between 
the input spectrum and the size of C3. What 
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must be done, then, is to make Cg more 
than sufficient for proper operation (no 
false outputs or missed signals) under actu- 
al operating conditions and then reduce its 
value in small steps until either the required 
response time is obtained or operation be- 
comes unsatisfactory. 


in setting up the tone decoder for maximum 
speed, it is best to proceed as follows: 


a After the center frequency has been set, 
adjust C, to give the desired bandwidth or, 
if the graph of response time in cycles (Fig- 
ure 7) suggests that worst case lock-up 
time will be too long, incorporate the loop 
gain reduction scheme as an alternate 
means of bandwidth reduction. (See data 
sheet). 


b Check lock-up time by observing the wa- 
veform at pin 2 while pulsing the input sig- 
nal on and off (or in and out of the band 
when a FM generator is used). Adjust 
repetition rate to reveal worst lock-up 
time. 

c Starting with a large value of Cg (say 10 
Co), reduce it as much as possible in 
steps while monitoring the output to be 
certain that no false outputs or missed 
signais occur. The full input spectrum 
should be used for this test. Ignore brief 
transients or chatter during turn-on and 
turn-off as they can be eliminated with the 
chatter prevention feedback technique 
described in the data sheet. 

d Use the desensitizing technique, also de- 
scribed in the data sheet, to balance 
turn-on and turn-off delay. 

e Apply the chatter prevention technique to 
clean up the output. 


If this procedure results in a worst-case re- 
sponse time that is too slow, the following 
suggestions may be considered: 


a Relax the bandwidth requirement. 

b Operate the entire system at higher fre- 
quency when this option is available. 

c Use two tone decoders operating at 

slightly different frequencies and OR the 
outputs. This will reduce the statistical 
occurrence of the worst-case lock-up time 
so that. excessive lock-up time occurs. 
For example, if the lock-up time is mar- 
ginal 10% of the time with one unit, it will 
drop to 1% with two units. 

d Control the in-band input amplitude to 
stabilize the bandwidth, set up two tone 
decoders for maximum bandwidth, and 
overlap the detection bands to make the 
desired frequency range equal to the 
overlap. Since both tone decoders are on 
only when a tone appears within the over- 
lap range, the outputs can be ANDed to 
provide the desired selectivity. 

e If the system design permits, send the 
tone to be detected continuously at a low 
level (say 25mV rms) to keep the loop in 
lock at all times. The output stage, slight- 
ly desensitized, can then be gated on as 
required by increasing the signal ampli- 
tude during the on time. Naturally, the sig- 
nal phase should be maintained as the 
amplitude is changed. This scheme is ex- 
tremely fast, allowing repetition rates as 
fast as 1/3 to 1/2 the free- running fre- 
quency when C3 is small. This is equiv- 
alent to ASK (amplitude shift keying). 
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Touch-Tone® Decoder 


Touch-Tone® decoding is of great interest 
since all sorts of remote control applications 
are possible if you make use of the encoder 
(the pushbutton dial) that will ultimately be 
part of every phone. A low cost decoder can 
be made as shown in Figure 1. Seven 567 
tone decoders, their inputs connected in com- 
mon to a phone line or acoustical coupler, 
drive three integrated NOR gate packages. 
Each tone decoder is tuned, by means of R, 
and C,, to one of the seven tones. The Rp 
resistor reduces the bandwidth to about 8% 
at 100mV and 5% at 50mV rms. Capacitor C, 
decouples the seven units. The seven Ro, 
resistors and capacitor C, can be eliminated 
at the expense of a somewhat slower 
response at low input voltages (50 to 100mV 
rms). The bandwidth can be controlled in the 
normal manner by selecting C. to be 4.7yF for 
the three lower frequencies and 2.2uF for the 
four higher frequencies. 


The only unusual feature of this circuit is the 
means of bandwidth reduction using the Rp 
resistors. An external resistor Ra can-be used 
to reduce the loop gain and, therefore, the 
bandwidth. Resistor R» serves the same func- 
tion as R, except that instead of going to a 
voltage divider for dc bias, it goes to a com- 
mon point with the six other Ro resistors. In 
effect, the five 567s which are not being acti- 
vated during the decoding process serve as 
bias voltage sources for the Rp resistors of 
the two 567s which are being activated. 
Capacitor C, decouples the ac currents atthe 
common point. 


TONE DECODER 
APPLICATIONS (567) 


The 567 is a special purpose PLL intended 
solely for use as a tone decoder. It contains 
a complete PLL including VCO, phase com- 
parator, and amplifier as well as a quad- 
rature phase detector or multiplier. If the 
signal amplitude at the lock frequency is 
above a minimal value, the driver amplifier 
turns on, driving a load with as much as 
200mA. Thus the 567 gives an output when- 
ever an inband tone is present. The 567 is 
optimized for both free-running frequency 
and bandwidth stability. 


Dual Tone Decoder 


Two 567 tone decoders connected as shown 
in Figure 2(a) permit decoding of simultane- 


ous or sequential tones. Both units must be- 


on before an output is given. R,C, and R,'C,’ 
are chosen respectively for tones 1 and 2. If 
sequential tones (tone 1 followed by tone 2) 
are to be decoded, then C, is made very large 
to delay turn off of unit 1 until unit 2 has 
turned on and the NOR gate is activated. 
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COMPONENT VALUES (TYPICAL) 
R, 6.8 TO 15k ohm 

R, 4.7k ohm 

R, 2.0k ohm 

C, 0.1 mfd 

C. 1.0mfd 6V 

Cz; 2.2mfd 6V 

C, 250 6V 


(Figure 1) 
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SELECTED CIRCUITS USING THE NE567_ 


DETECTION OF TWO SIMULTANEOUS OR SEQUENTIAL TONES 


(B) DISABLING THE SECOND DECODER 
UNTIL ENABLED BY THE FIRST 


+V +V 


Note that the wrong sequence (tone 2 fol- 
lowed by tone 1) will not provide an output 
since unit 2 will turn off before unit 1 comes 
on. Figure 2(b) shows a circuit variation which 
eliminates the NOR gate. The output is taken 
from unit 2, but the unit 2 output stage is 
biased off by R,, and D, until activated by 
tone 1. A further variation is given in Figure 
2(c). Here, unit 2 is turned on by the unit 1 
output when tone 1 appears, reducing the 
standby power to half. Thus, when unit 2 is 
on, tone 1 is or was present. If tone 2 is now 
present, unit 2 comes on also and an output is 
given. Since a transient output pulse may 
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(a) NORING OUTPUTS TOGETHER 
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(C) BLOCKING POWER TO THE SECOND 
DECODER (PIN 7) UNTIL THE FIRST IS ENABLED. 
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Figure 2 


appear during unit 1 turn on, even if tone 2 is 
not present, the load must be slow in 
response to avoid a false output due to tone 1 
alone. 


High-Speed, Narrow-Band 
Tone Decoder 
The circuit of Figure 2(a) may be used to 


.obtain a fast, narrrow-band tone decoder. The 


detection bandwidth is achieved by overlap- 
ping the detection bands of the two tone 
decoders. Thus, only a tone within the overlap 
portion will result in an output. The input 


amplitude should be greater than 70mV rms 
at all times to prevent detection band shrink- 
age and C, should be between 130/f, and 
1300/f,uF where f, is the nominal detection 
frequency. The small value of C. allows oper- 
ation at the maximum speed so that worst- 
case output delay is only about 14 cycles. 


Low-Cost Frequency Indicator 


Figure 3 shows how two tone decoders set up 
with overlapping detection bands can be used 
for a go/no-go frequency meter. Unit 1 is.set 
6% above the desired sensing frequency and 
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unit 2 is set 6% below the desired frequency. 
Now, if the the incoming frequency is within 
13% of the desired frequency, either unit 1 or 
unit 2 will give an output. If both units are on, 
it means that the incoming frequency is within 
1% of the desired frequency. Three light 
bulbs and a transistor allow low cost read-out. 


Phase Modulator 

If a phase locked loop is locked onto a sig- 
nal at the free-running frequecy, the phase 
of the VCO will be 90° with respect to the 
input signal. If a current is injected into the 
VCO terminal (the low pass filter output), 
the phase will shift sufficiently to develop 
an opposing average current out of the 
phase comparator so that the VCO voltage 
is constant and lock is maintained. When 
the input signal amplitude is low enough so 
that the loop frequency swing is limited by 
the phase comparator output rather than 
the VCO swing, the phase can be modulat- 
ed over the full range of O to 180°. If the 
input signal is a square wave, the phase will 
be a linear function of the injected current. 


A block diagram of the phase modulator is 
given in Figure 4(a). The conversion factor K 
is a function of which loop is used, as well as 
the input square wave amplitude. Figure 4(b) 
shows an implementation of this circuit using 
the 567. 
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BALANCED MODULATOR/ 
DEMODULATOR APPLICATIONS 
USING MC1496/MC1596 


The MC1496 is a monolithic transistor array 
arranged as a balanced modutator- 
demodulator. The device takes advantage of 
the excellent matching qualities of monolithic 
devices to provide superior carrier and signal 
rejection. Carrier suppressions of 50dB at 
10MHz are typical with no externa! balancing 
networks required. 


Applications include AM and suppressed car- 
rier modulators, AM and FM demodulators, 
and phase detectors. 


THEORY OF OPERATION 


As Figure 1 suggests, the topography 
includes three differential amplifiers. Internal 
connections are made such that the output 
becomes a product of the two input signals 
Vo and Ve. 


To accomplish this the differential pairs @7- 
Q2 and Q3-Q4, with their cross coupled col- 
lectors, are driven into saturation by the zero 
crossings of the carrier signal Vo. With a low 
level signal, Vg driving the third differentia! 
amplifier Q5-Q6, the output voltage will be a 
full wave multiplication of Vo and Vg. Thus for 
sine wave signals, Vou, becomes: 


Vout = E,Ey[Cos(wx + wy}t + COS(wx ~ wy)t] 


(1) 
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BALANCED MODULATOR 


As seen ” font = K (fc — fs) + K (fe + fs) (see 
Figure 2), the output voltage will contain the 
sum and difference frequencies of the two 
original signals. In addition, with the carrier 
input ports being driven into saturation, the 
output will contain the odd harmonics of the 
cartier signals. 


BiaASiNG 


Since the MC1496 was intended for a multi- 
tude of different functions as well as a 
myriad of supply voltages, the biasing tech- 
niques are specified by the individual appli- 
cation. This allows the user complete free- 
dom to choose gain, current levels, and 
power suppiles, The device can be operated 
with single ended or dual supplies. 


internally proviced with the device are two 
current sources driven by a temperature com- 
pensated bias network. Since the transistor 
gsometries are the same and since Vo- 
matching in raionolithic devices is excellent, 
the currents through Q7 and Q8 will be identi- 
cal fo the current set at pin 5. Figures 2 and 3 
Hiustrate typical biasing arrangements from 
apt and single ended supplies respectively. 


GT primary interest in beginning the bias 
circultry design is relating available power 
supplies and. desired output voltages to 
Gevice requirements with a minimum of 
exiernal components. 


ate crt oa em ater 
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The transistors are connected in a cascode 
fashion. Therefore sufficient collector volt- 
age must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages 
greater than 2 volts are sufficient in most 
applications. 


Biasing is achieved with simple resistor 
divider networks as shown in Figure 3. This 
configuration assumes the presence of sym- 
metrical supplies. Explaining the dc biasing 
technique is probably best accomplished by 
an example. Thus, the initial assumptions and 
criteria are set forth: 


1. Output swing greater than 4 voits p-p. 

2. Positive and negative supplies of 6 volts 
are available. 

3. Collector current is 2mA. It should be 
noted here that the collector output cur- 
rent is equal to the current set in the 
current sources. 


As a maiter of convenience the carrier sig- 
nal ports are referenced to ground. If de- 
sired the modulation signal ports could be 
ground referenced with slight changes in 
the bias arrangement. With the carrier in- 
puts at dc ground, the quiescent operating 
point of the outputs should be at one half the 
total positive voltage or 3 voits for this case. 
Thus a collector load resistor is selected 
which drops 3 volts at 2mA or 1.5k ohm. A 
quick check at this point reveals that with 
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these loads and current levels the peak to 
peak output swing will be greater than 4 
volts. It remains to set the current source 
level and proper biasing of the signal ports. 


The voitage at pin 5 is expressed by 
Voias = Vee = 500 X Is 


where ls is the current set in the current 
sources. 


For the example Vee is 700mV at room 
temperature and the bias voltage at pin 5 
becomes 1.7 volts. Because of the cascode 
configuration both the collectors of the 
Current sources and the collectors of the 
signal transistors must have some voltage to 
operate properly. Hence the remaining volt- 
age of the negative supply (-6v + 1.7v = 
-4.3v) is split between these transistors by 
biasing the signal transistor bases at 
~-2.15 volts. 


Countless other bias arrangements can be 
used with other power supply voltages. The 
important thing to remember is that suffi- 
cient dc voltage is applied to each bias 
point to avoid collector saturation over the 
expected signal wings. 


BALANCED MODULATOR 


In the primary application of balanced mod- 
ulation, generation of double sideband sup- 
pressed carrier modulation is accomplished. 
Due to the balance of both modulation and 
carrier inputs, the output, as mentioned, con- 
tains the sum and difference frequencies 
while attenuating the fundamentals. Upper 
and lower sideband signals are the strongest 
signals present with harmonic sidebands 
being of diminishing amplitudes as character- 
ized by Figure 4. 


AMPLITUDE ————_> 


Gain of the 1496 is set by including emitter 
degeneration resistance located as Re in Fig- 
ure 5. Degeneration also allows the maximum 
signal level of the modulation to be increased. 
In general, linear response defines the maxi- 
mum input signal as 


Vs < 15 eRe (Peak) 
and the gain is given by 


AL (2) 


Ay = ———- 
Re + 2re 


DUAL SUPPLY BIASING 


All resistor values are in ohms 


Figure 3 


MODULATOR FREQUENCY SPECTRUM 


FREQUENCY —————_——_> 


fo Carrier Fundamental! 
fS Modulating Signal 
fC+tfs Fundamental Carrier Sidebands 


nfC 


Figure 4 


fc+ nfs Fundamental Carrier Sideband Harmonics 
Carrier Harmonics 
nfc+ nfs Carrier Harmonic Sidebands 
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This approximation is good for high levels of 
carrier signals. Table 1 summarizes the gain 
for different carrier signals. 


As seen from Table 1 the output spectrum suf- 
fers an amplitude increase of undesired side- 
band signals when either the modulation or 
carrier signals are high. Indeed, the modula- 
tion level can be increased if Re is increased 
without significant consequence. However, 
large carrier signals cause odd harmonic 
_ sidebands (Figure 4) to increase. At the same 
time, due to imperfections of the carrier wave- 
forms and small imbalances of the device, the 
second harmonic rejection will be seriously 
degraded. Output filtering is often used with 
high carrier levels to remove all but the 
desired sideband. The filter removes 
unwanted signals while the high carrier level 
guards against amplitude variations and max- 
imizes gain. Broadband modulators, without 
benefit of filters, are implemented using low 
carrier and modulation signals to maximize 
linearity and minimize spurious sidebands. 


AM MODULATOR 


The basic current of Figure 5 allows no carrier 
to be present in the output. By adding offset 
to the carrier differential pairs, controlled 
amounts of carrier appear at the output 
whose amplitude becomes a function of the 
modulation signal or AM modulation. As 
shown, the carrier null circuit is changed from 
Figure 5 to have a wider range so that wider 
control is achieved. All connections are 
shown in Figure 6. 


AM DEMODULATION 


As pointed out in equation 1 the output of the 
balanced mixer is a cosine function of the 
angle between signal and carrier inputs. Fur- 
ther, if the carrier input is driven hard enough 
to provide a switching action, the output 
becomes a function of the input amplitude. 
Thus the output amplitude is maximum when 
there is 0° phase difference as shown in 
Figure 7. 


Amplifying and limiting of the AM carrier is 
accomplished by IF gain block providing 

55 dB of gain or higher with limiting of 400,V. 
The limited carrier is then applied to the 
detector at the carrier ports to provide the 
desired switching function. The signal is then 
demodulated by the synchronous AM demod- 
ulator (1496) where the carrier frequency is 
attenuated due to the balanced nature of the 
device. Care must be taken not to overdrive 
the signal input so that distortion does not 
appear in the recovered audio. Maximum 
conversion gain is reached when the carrier 
signais are in phase as indicated by the 
phase-gain relationship drawn in Figure 7. 
Output filtering will also be necessary to 
remove high frequency sum components of 
the carrier from the audio signal. 
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DOUBLE SIDEBAND 
SUPPRESSED CARRIER 
MODULATOR 


MODULATING 
SIGNAL 


INPUT 


CARRIER NULL 


All resistor values are in ohms 


Figure 5 


CARRIER INPUT 
SIGNAL (Vc) 


APPROXIMATE 
VOLTAGE GAIN 


Low-level dc 


High-level dc 


Low-level ac 


0.637RL 
High-level ac sib = 


Table 1 VOLTAGE GAIN & OUTPUT 
SPECTRUM VS INPUT SIGNAL 


AM MODULATOR 


CARRIER INPUT 
MODULATING 


SIGNAL INPUT 


: MC 1596K 
cide " MC 1496K 


heh 


CARRIER ADJUST __ 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 6 
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OUTPUT SIGNAL 
FREQUENCY(S) 


fo + fu. 3fc + fm. 
5fco+fm.... 
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AM DEMODULATOR 


AM CARRIER (& 
AMPLIFIED AND 
LIMITED HERE 


8 


HIGH 
FREQUENCY 5 
AMPLIFIER AND 
LIMITER 


DE-EMPHASIS 


0 30° 
PHASE ANGLE 


All resistor values are in ohms 


Figure 7 


PHASE COMPARATOR 


Ve 0.1 uF 
PHASE 10——} 


: SSF FFFFF 0 VDC AVERAGE 


Figure 9 


All resistor values are in ohms 


Figure 8 


PHASE DETECTOR LOW FREQUENCY DOUBLER 


The versatility of the balanced modulator or 
multiplier also allows the device to be used as 
a phase detector. As mentioned, the output of 
the detector contains a term related to the 
cosine of the phase angle. Two signals of 
equal frequency are applied to the inputs as 
per Figure 8. The frequencies are multiplied 
together producing the sum and difference edaue 
frequencies. Equal frequencies cause the dif- Mee 
ference component to become dc while the 
undesired sum component is filtered out. The 
dc component is related to the phase angle 
by the graph of Figure 9. At 90 degrees the 
cosine becomes zero, while being at maxi- 
mum positive or maximum negative at 0° and 


180° respectively. BALANCE 
The advantage of using the balanced modu- All resistor values are in ohms 
lator over other types of phase comparators 


is the excellent linearity of conversion. This Figure 10 
.configuration also provides a conversion 
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gain rather than a loss for greater resolu- 
tion. Used in conjunction with a phase 
locked loop for instance, the balanced mod- 
ulator provides a very low distortion FM 
demodulator. 


FREQUENCY DOUBLER 


Very similar to the phase detector of Figure 8, 
a frequency doubler schematic is shown in 
Figure 10. Departure from Figure 8 is primar- 
ily the rernoval of the low pass filter. The out- 
put then contains the sum component which 
is twice the frequency of the input since both 
input signals are the same frequency. 
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APPLICATIONS OF LOW NOISE 
STEREO PREAMPLIFIERS: NE542 


Introduction 


Stereo preamplifiers have come into greater 
and greater demand with the increased 
usage of tape recorders. With stereophonic 
recording systems, the need increased to 
have multinle devices in the same package 
to insure greater thermal tracking and pack- 
ing density, without sacrificing perform- 
ance. 


The NE542 qualifies as a low noise dual pre- 
amplifier. The NE542 is a pin dual-in-line 
device. 


This device has greater than 100dB open loop 
gain and (15-20) MHz gain bandwidth prod- 
uct. In selecting the proper “low noise” pre- 
amplifier several factors must be considered. 


| Frequency shaping characteristic re- 
quired. 

I! Closed loop response with respect toa 
system reference level. 

iti Response of the record/playback 
head. 

IV System distortion requirements. 

V Response of the tape used. 


The following will dea! with items I, II, IV. 


When approaching the design criteria of 
Item 2, the designer should be concerned 
with the open loop device characteristics. 
These characteristcs will aid in determining 
the maximum boost available, knowing that 
a specific loop gain (open ioop gain minus 
closed loop gain) will be necessary to keep 
the system distortion low and maintain the 
output impedance of the “low noise” pream- 
plifier constant over the required operating 
frequency range. 


RIAA standards call for a maximum record- 
ing velocity of 21cm/sec for stereo discs. 
This worst case velocity describes a bound 
for the preamplifier gain because the input 
signal at this velocity is maximum. 


NAB TAPE EQUALIZATION 


Recording and playback characteristics of 
magnetic tape and record/playback heads 
are not flat but exhibit a loss at high trequen- 
cies and a boost at lower frequencies. To 
obtain an overall flat frequency response 
and improved signal to noise ratio, the audio 
signals are equalized by boosting the higher 
frequencies in amplitude before recording. 
Playback amplifiers must exhibit bass boost 
to remove the effects of pre-emphasis for an 
overall flat response 


Known as the NAB equalization curve, the 
standard deemphasis employs attenuation 
from the turnover frequency of 50Hz to the 
turnover frequency of 3180Hz for 7 1/2 Ips 
recording. The slower recording speed of 
3.75 Ips employs turnover frequencies of 
50Hz and 1326Hz. These curves are shown in 
Figure 1. A reference level of 800,V head 
sensitivity at 1KHz is also used by the NAB. 


STEREO PREAMPLIFICATION 


The voltage level appearing at the output of 
tape playback heads and some phono car- 
tridges are too small to be usefui without a 
large amount of iow noise preamplification. In 
addition to providing low noise amplification, 
the preamplifier should possess enough open 
loop gain so that the RIAA and NAB equaliza- 
tion Curves can be produced in the feedback 
networks of the amplifier. The following para- 
graphs describe the characteristics and appli- 
cations of the 542. This device provides a 
matched pair of amplifiers which have been 
specifically designed to minimize amplifier 
noise and maximize signal to noise ratio. 


542 DEVICE DESCRIPTION 


The NE542 is a dual !ow noise amplifier with 
104dB open loop gain produced by two 
stages of voltage gain followed by one stage 
of current gain. 


Ail resistor values are in ohms 


Figure 2 


in the design of low noise devices special 
attention must be focused on the input 
stage. If differential topography is used, the 
stage should be designed so that one of the 
differential transistors is turned off. This 
reduces the noise contribution by a factor of 
1.4 since only one transistor is producing 
noise. Current sources and mirrors cannot 
be used for biasing loads because active 
elements wil! contribute more noise. 


Implementing these observations, the first 
gain stage of the 542 is pictured with the com- 
plete schematic by Figure 2. 


TAPE EQUALIZATION CURVES 
(72) 40 


TURN OVER FREQUENCIES 
50n2Z, 3180Hz 

TIME CONSTANTS 

3180us 

50us 
—=- 3.75 IPS 


TURN OVER FREQUENCY 
50Hz, 1326Hz 


RELATIVE GAIN 


FREQUENCY (Hz) 


Figure 1 


ee A RT RN NNN 
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Although the differential input configura- 
tion degrades the noise performance slight- 
ly, using differential inputs has the advan- 
tages of higher input impedance, allowing 
smaller capacitors and larger resistors to be 
used to achieve the RIAA and NAB curves. 


The second stage is a common-emitter 
amplifier (Q5) with a current source load 
(Q6). The Darlington emitter-follower Q3- 
Q4 provides level shifting and current gain 
to the common-emitter stage (Q5) and the 
output current sink (Q7). The voltage gain of 
the second stage is approximately 2000 
making the total gain of the amplifier typi- 
cally 160,000 in the differential input con- 
figuration. 


The preamplifier is internally compensated 
with the pole-splitting capacitor, C1. This 
compensates to unity gain at 15MHz. The 
compensation is adequate to preserve sta- 
bility to a closed loop gain of 10. 


BIASING 


The non-inverting input has been internally 
biased from-a 1.4 Volt internal voltage source. 
Following the zero differential rule of amplifi- 
ers, the output voltage will be set by the resis- 
tor feedback network (R4 and R85) of Figure 3. 


The base of Q2 requires 0.5uA bias current. 
Hence R5 should pass 5uA minimum for 
stability, for an output dc voltage of Vcc 
the values of R4 and R5 are: 2 


_ 2 VBE _ 

R5 = i 240K Max. (1) 
Jf Nec. | 

bs -( - ) R5 (2) 


DC amplifier gain is defined by the ratio of 
R4 and R5. Open loop ac gain can be re- 
gained by adding a shunt capacitor across 
R5. The low frequency 3dB corner is then 
defined by the capacitor-resistor break 
point. 


NAB Tape Preamplifier 


Design of a preamplifier begins by determin- 
ing the gain and output signal amplitudes in 
reference to the standard 800,V input signal 
level. For the following design example, we 
will use the 542 to achieve a 100mV output 
level at 1kHz following the 7-1/2 Ips NAB 
equalization curve. The graph of Figure 1 has 
been calibrated both in absolute gain for this 
example and relative gain for general use. 


From the given parameters, the closed loop 
gain becomes 32dB at the highest frequency 
of interest. The NAB response is achieved by 
adding frequency selective ac feedback as 
depicted by Figure 4. Resistors R4 and R5 
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DIFFERENTIAL INPUT BIASING NE542 


All resistor values are in ohms 


Figure 3 


NAB RESPONSE AMPLIFIER 


All resistor values are in ohms 


Figure 4 


select the dc gain as defined by Equations 1 
and 2. Placing a value of 200K upon R8, 
Equation 2 yields a value of 680K ohms. 


The lower corner frequency is determined 
next by the reactance of C4 and R4 such 
that: 
.159 
"= Card 8) 
Solving for C4 yields a value of .0047,fd. 


The upper corner frequency, fe, is similarly 
fixed by the reactance of C4 and R7. 


_ _.159 
= Ey R7 (4) 


Then solving Equation 4 for R7 defines a 
value of 11k ohms. 


Midband gain is now fixed by the relation- 
ship. 


a= RE +R7 (5) 
R6 
Solving for the 1kHz gain of 42dB using 11k 
for R7 yields a value of 88 ohms for R6. The 
final calculation of the low frequency cut off 
of the preamp determines the size of C2. 


.159 
we fcuToFF R6 


(6) 


Typical Applications 


in addition to the previous detailed design 
examples, the following general amplifier con- 
figurations (see Figures 5 through 8) are pre- 
sented. The choice of design and the device 
used is a function of the desired complexity 
and overall performance. 
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TWO-POLE FAST TURN-ON 
FLAT RESPONSE TAPE NAB TYPE PREAMP 
12 


AMPLIFIER 


TYPICAL TAPE PLAYBACK 
AMPLIFIER 


12V 


RECORDING 
HEAD 


16 3.3 


(is i 


All resistor values are in ohms 


Figure 7 Figure 8 
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STERO DECODER 
APPLICATIONS: A758 


introduction 

The phase locked loop (PLL) has been used 
for many years in consumer equipment. 
Due to the nature of FM STEREO MULTI- 
PLEX SYSTEMS, where prime importance 
is the channel separation, discrete systems 
lacked the tracking ability over wide tempera- 
ture and voltage ranges to be done economi- 
Cally. 


The development of the monolithic PLL and 
improvements in IC processing has made 
the Phase Locked Loop FM Stereo Multi- 
plexer Decoder a reality. 


Major Advantages 

The economic advantages in using the PLL 
multiplex decoding system are not only cost 
reduction, by eliminating peripheral com- 
ponents, but the man hour cost reduction by 
eliminating turning coils, thereby eliminat- 
ing tedious alignment procedures. 


The cost advantages are extremely signif- 
cant and are in addition to the following: 


45 dB Channel Separation 

Automatic Stereo/Mono Switching 

e Stereo Indicator Lamp Driver With Cur- 

rent Limiting 

High Impedance Input—Low Impedance 

Outputs 

e 70dB SCA Rejection (Subsidiary Carrier 
Authorization) 

e One Adjustment for Complete Alignment 

e 10V to 16V Supply Voitage Range 


FM Stereo Multiplex Subcarrier 
and Pilot 


The two (2) basic signals differentiating an 
FM stereo multiplex signal from an FM 
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monaural signal are the 19kHz pilot and the 
38kHz subcarrier. The frequency and phase 
relationship of these signals is well defined. 


Earlier systems had to reconstruct the 
38kHz subcarrier by using the 19kHz pilot. 
This system required frequency multipliers 
and selective filters (coils). Since maximum 
channel separation is directly related to 
proper phasing, alignment procedures were 
extremely critical and therefore expensive. 
In addition, long term stability and per- 
formance were degraded due to component 
aging, and temperature. 


Use of the PLL as the multiplex decoder 
eliminated these short comings since the 
phase accuracy of the 38kHz signal is limit- 
ed only by the loop gain of the system and 
the free running oscillator stability. Both of 
these parameters are easily controlled, pro- 
viding easy, rapid adjustment and excellent 
long term stability. 


General Description 


The »A758-.is a monolithic Phase Locked 
Loop FM Stereo Multiplex decoder using the 
16-Lead DIP N Package. This integrated cir- 
cuit decodes an FM Stereo Multiplex Signal 
into Right and Left audio channels while 
inherently suppressing SCA _ information 
when it is contained in the composite input 
signal. Internal functions include automatic 
mono-stereo mode switching and drive for an 
external lamp to indicate stereo mode 
operation. 


The wA758 operates over a wide supply 
voltage range and uses a low number of 
external components. It has only one con- 
trol to adjust a potentiometer to set oscilla- 
tor frequency. No external coils are re- 


quired. The wA758 is suitable for all 
line-operated and automotive FM Stereo 
Receivers. 


Referencing The Block Diagram 


The upper row of blocks comprises the PLL 
which regenerates the 38kHz subcarrier, 
necessary for multiplex signal demodula- 
tion. The basic 76kHz generator is voltage 
controlled, and is divided by 2 to insure a 
50% duty cycle 38kHz internally generated 
signal. This symmetry is necessary for max- 
imum left/right channel separation andSCA 
rejection (band centered at 67kHz). Dividing 
the 38kHz by 2 generates the 19kHz signal 
necessary to lock on to the incoming pilot 
signal. A second 19kHz signal is generated 


- which is in quadrature to the first internally 


generated 19kHz signal and in phase with 
the pilot. This second 19kHz is mixed ina 
quadrature (synchronous) phase detector to 
operate the stereo switch and lamp driver 
Circuitry. 


When a stereo signal is present, the stereo 
switch enables the stereo demodulator and 
when a stereo signal is not present the 
demodulator is disabled allowing the sys- 
tem to reach optimum noise performance. 


Functional Operation 


To aid in understanding the system operation, 
the »A758 equivalent circuit has been broken 
down into subsections as follows. Reference 
Figure 2. 


! Buffer Amplifier and Bias Supplies 

I! Demodulator 

itl Stereo Switch and Lamp Driver 

IV. Voltage Controlled Oscillator 

V_ Frequency Dividers 

VI Pilot Phase and Amplitude Defectors 
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BLOCK DIAGRAM 
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| Buffer Amplifier and Bias 
Supplies (Figure 3) 


INPUT BUFFER/AMPLIFIER AND 


BIAS SUPPLY 
The zener diode Z, and ‘its associated tran- 
sistors generate a 6V internal voltage refer- COMPOSITE 
‘ 4 MULTIPLEX 
ence source. From this 6V reference, addi- INPUT 


tional bias levels are established via 
resistors R3, R4, and R5. In addition transis- 
tor Q7 acts as the control source for several 
current mirrors; Q11 in the Buffer Amplifier, 
Q43 and Q44 in the Stereo Switch and Lamp 
Driver (II) and Q67 and Q73 in the Voltage 
Controlled Oscillator (IV). 


The input Buffer Amplifier (Q8, Q9) level 
shifts the composite multiplex input signal 
to 2 levels each in phase with each other. 


Transistors Q10 - Q13 amplify this same 
signal by the ratio of: 


_ Ria 

R13 
R15 2 AMPLIFIED 
: wee 7 - . ° : MULTIPLEX 
This amplified signal, the gain of which is SIGNAL TO 
5102 = DETECTORS 


independent of supply voltage variation, is 
fed to the Pilot Phase and Amplitude Detec- 
tors (VI). 


I! Demodulator (Figure 4) 


The basic demodulator, Q25 - Q30, is a fully 
balanced detector similar to standard phase 
locked loop types. The addition of resistors 
R29, R30, and R31 introduces a small offset 
to allow a small multiplex signal in the 
collector of Q30. This signal compensates 
the cross talk components inherent to the 


synchronous switching demodulation proc- aaa aol 
COMPOSITE 
ess. MULTIPLEX SIGNAL 
TOC DEMODULA 
Switching to the left and right channels is Pee 
accomplished through Q25 and Q26 when Figure 3 


the 38kHz drive is present at their bases. 
This occurs when Q33 is “ON.” When Q33 is 
off, a dc bias is placed at the bases of Q25 DEMODULATOR 
and Q26 through resistors R32 and R33, this 
automatically converts the system to mono- 
phonic operation. 


Supply voltage rejection is accomplished at 
the demodulator outputs by converting the 


audio to current supplies in Q23 and Q24. ea 
The volta d d t ; LEFT DE EMPHASIS | RIGHT 
ge developed across pnp transis- ourpur O = a O output 
tors is R26 — 
Ve = (V+ + Vmod) = (Vpbe + Vo1 + [Ree lac + Vmod) a ena a 
where Vbe = base-emitter voltage across Q22 and Q27 028 
a we | . 
Vmod = modulation on the power line }———— 
io eo, 
Vo1 = diode drop in D21 men) 
Q29 — R50 Q30 
(R22)iac = voltage drop due to current in the de- pouposite 
modulator MULTIPLEX R31 


Simplifying the above reduces to (Low) 


| 4 STEREO/MONO 
SWITCH 


Ve = Vt - (Vbe + V1 + R22 iac) (1) O 38kHz INPUTS 180 
Figure 4 


The output voltage developed is 
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Vout = ( we ) Rext | (2) 


where Rext = external resistor 


The output voltage at pins 4 and 5 are 
provided through 1.3k resistors-driven by 
Emitter Followers Q21 and Q24. 


lll Stereo Switch and Lamp Driver 
(Figure 5) 

The pilot amplitude detector differential 
voltage is sensed by the differential amplifi- 
er Q41 and Q42. This pair in conjunction 
with their load resistors (R41, R42) control 
amplifiers Q45, Q46. Positive feedback ac- 
tion is achieved through Q47, R50, Q50 and 
R46 (which turns off Q44). 


The turn on threshold is the differential 
input voltage required to overcome the off- 
set voitage in R43 times the current summa- 
tion of IR44 and IR45. When the lamp is ON, 
Q44 is off and the differential voltage across 
R43 is reduced by the amount (Ir45 x R493), 
which means a lower turn off voltage is 
required. This voltage difference is referred 
to as the switch hysteresis. 


Transistors Q48 senses the current across 
R51 which therefore controls the maximum 
current in the Stereo Indicator Lamp. 


_ Vbe Q48 
Imax R151 ©) 


_ IV Voltage Controlled Oscillator 
(Figure 6) 


The basic oscillator Q71-Q79 is an RC relaxa- 
tion type which generates a positive low duty 
cycle, 76kHz output. The frequency is estab- 
lished by equations 4 and 5. 


The control voltage from the phase detector 
into the transconductance amplifier Q61 - 
Q69 converts the differential error to a bidi- 
rectional single ended current drive to the 
oscillator. 


Voltage on the capacitor is compared with 
the set voltages by the differentia! input 
stage Q71, Q72. This feeds Q74, Q75. The 
output of Q75 drives a PNP inverter, Q76, 
(whose action eliminates power supply 
modulation as described in the demodula- 
tor section of this note), when these set 
limits are reached the direction of charge 
reverses. 
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STEREO SWITCH AND LAMP DRIVER 


STEREO 
INDICATOR > 
LAMP wer 


INPUT FROM 
PILOT AMPLITUDE 
DETECTOR 


STEREO/MONO 
CONTROL 
TO DEMODULATOR 


(VCO) 


t+6V 


of 


76kHz 
CONTROL VOLTAGE (+) 


R OUTPUT 
PHASE DETECTOR (-) 


+0.7V 


R83 


| 

OSCILLATOR p-—> — 
FREQUENCY r oa 
so + 


Figure 6 
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Lower set voltage is set by R79, R80, and the 
regulated 6V supply. The upper set voltage 
(VH) involves two (2) additional resistors R77 
and R78 and is established when Q76 turns 
on Q77. Both set levels are referenced to the 
regulated 6V supply and are therefore de- 
pendent only on resistor ratios. (Proper 
design layout should also eliminate tem- 
perature variations.) 


Capacitor charging is through Q78 and R8 
and discharging through the external fixed 
resistor. 


Equations 4 and 5 of Figure 7 are first order 
expressions for the change and discharge 
periods. 


Q79 supplies a positive output pulse neces- 
sary to operate the 38kHz dividers. 


V Frequency Dividers 

(Figure 8) 

Transistors Q91 through Q94 form a simple 
divide-by-two circuit which converts the 
pulse output from the 76kHz oscillator to a 
38kHz square wave. 


The divider changes state during the posi- 
tive excursion of the input pulse supplied 
from the emitter of Q79 in the oscillator. 
Initially, when the input is low, Q91 and Q92 
are OFF and we may arbitrarily assume Q93 
is ON and Q94 is OFF. 


As the potential on the input rises, Q91 
starts conduction before Q92 because the 
emitter of Q91 is at a lower potential than the 
emitter of Q92. (The emitter of Q91 is con- 
nected through R95 to the collector of Q93 
which is in saturation, whereas the emitter 


38kHz OUTPUTS 
TO DEMODULATOR 


0 130° 


76kHz 
INPUT 


of Q92 is at the VeEion) potential of Q93). 
Since Q91 is ON, the current from both R92 
and R93 flows through the emitter of Q91 
into R95. As this current increases, the 
rising voltage at the emitter of Q91 turns 
Q94 ON which removes base drive to Q93 
and turns it OFF, thus producing a change 
of state in the divider. Even though the 
relative potentials at the emitters of Q91 and 
Q92 are now reversed, current continues to 
flow in Q91 for the duration of the positive 
input because Q92 is held OFF by Q91. 
When the input returns to a low potential, 


Q91 turns OFF. The divider remains in its 
present state until driven by the next posi- 
tive going input. 


Oppositely phased 38kHz outputs to the 
demodulator are taken from the collectors 
of Q93 and Q94. Transistors Q95 and Q96 
are used to drive the two 38kHz dividers. 


The 38kHz Quadrature Divider has an 
identical configuration to the 76kHz divider. 
A change of state occurs with each positive 
excursion of the 38kHz input signal from the 
emitter of Q96. 


OSCILLATOR WAVEFORMS 


SET 
VOLTAGES 


Basic timing equations: 


(Equation 4) 
t1 = R81 C in Ve— Vt 
Vs = VH 

(Equation 5) 


t2 =RC in Ve 


ya CAPACITOR VOLTAGE 


where R and C are external components on Lead 15, R81 is on the chip, and Vand V; are 
set voltages which are a fixed percentage of Vs, the internally regulated 6 Volt supply. 


Figure 7 


FREQUENCY DIVIDERS 
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19kHz outputs to pilot amplitude and phase detectors. 


Figure 8 
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The 38kHz In-Phase divider contains a bi- 
stable pair, Q113 and Qi14, steered by 
inputs into Q111 and Q112, (a 38kHz input 
from the collector of Q95, and 19kHz inputs 
from the bases of Q103 and Q104). If the 
19kHz input to the base of Q111 is high 
when the 76kHz divider turns Q95 ON, Q111 
conducts and removes drive to Q114, 
changing the state of the bistable pair, Q113 
and Q114. The bistable remains in this state 
until the next 38kHz turn on of Q95 which, 
this time, turns Q112 ON, removes drive to 
Q113 and resets the bistable pair. The re- 
sulting 19kHz output from Q113 and Q114is 
at 90 degrees to the Quadrature Divider 
output with no ambiguity in phasing. 


Pilot Phase and 
Amplitude Detectors 


The pilot phase detector and pilot amplitude 
detector as shown in Figure 9 are syn- 
chronous, balanced chopper types which 
develop differential output signals across 
external filters. Back-to-back NPN transistor 
pairs are used for each switch to insure mini- 
mum drop regardiess of signal polarity with- 
out reliance on inverse NPN beta 
characteristics. 


The chopper transistors (Q121 through 
Q124), in the phase detector are driven from 
the 38kHz Quadrature Divider through tran- 
sistors Q125 and Q126. The input signal is 
supplied from lead 12 through resistors 
R125 and R126. A differential output is 
developed across the loop filter, comprised 
of resistors R123 and R124 and the external 
R-C network between leads 13 and 14. 


The pilot amplitude detector (Q131 through 
Q136), has an identical configuration to the 
phase detector. Since it operates with drive 
which is in phase with the pilot signal (90 
degrees from the drive to the phase detec- 
tor), its output is proportional to the ampli- 
tude of the pilot component of the multiplex 
signal. The differential output at leads 9 and 
10 is filtered by the external capacitor on 
these two leads. 


A reference 19kHz square wave signal is 
taken from the collector of drive transistor 
Q136 through resistor R137 to lead 11. Ithas 
the same phasing as the pilot contained in 
the multiplex input signal. 
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PILOT PHASE AND AMPLITUDE DETECTORS 


90° 270° 19kHz INPUTS 0° 


1 
penne 19kHz 
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DETECTOR 
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INPUT SWITCH FILTER 
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Figure 9 


TEST CIRCUIT 1 AND TYPICAL APPLICATION 


Vt = +12V 


C4 
0025 uF 


COMPOSITE 
MULTIPLEX 
UNIT 


LED 
STEREO 
INDICATOR 

LAMP R4 


5k 


LEFT ADJ 


QUTPUT 


RIGHT 
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= (TOP VIEW) 


NOTE 


Tolerance on resistors is +5% and tolerance on capacitors is +20% unless otherwise 
specified. 

C1 Tolerance = + 100%, -20% 

C6 Tolerance = +1% in test circuit and +5% in typical application 

R3 Tolerance = +1% 

R4 Tolerance = +10% 

R1 and R2 Tolerances = +1% in test circuit and +5% in typical application. 


Figure 10 
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TYPICAL PERFORMANCE CURVES FOR 758 
(Test Circult 1 unless Otherwise Specified) 
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APPLICATIONS 

The following circuits will illustrate some of 
the wide variety of applications for the 
NE570. 


BASIC EXPANDOR 


Figure 1 shows how the circuit would be 
hooked up for use as an expandor. Both the 
rectifer and AG cell inputs are tied to V;, so 
that the gain is proportional to the average 
value of (V;,). Thus, when V,, falls 6dB, the 
gain drops 6dB and the output drops 12dB. 
The exact expression for the gainis 

2 R3 Vin (ave) 

R1 Ra Ip 

The maximum input that can be handled by 
the circuit in Figure 1 is a peak of 3V. The rec- 
tifier input current can be as large as | = 3V/ 
R, =3V/10K =300nA. The AG cell input 
current should be limited to |=2.8V/ 
Ro = 2.8V/20K = 140,A. If it is necessary to 
handle larger input voltages than 0 + 2.8V pk, 
external resistors should be placed in series 
with R, and Rz to limit the input current to the 
above values. 


Gain exp. = i Ig = 140A 


Figure 1 shows a pair of input capacitors C;,,, 
and Cio. It is not necessary to use both 
capacitors if low level tracking accuracy is not 
important. It R, and Ro are tied together and 
share a common capacitor, a small current 
will flow between the AG cell summing node 
and the rectifier summing node due to offset 
voltages. This current will produce an error in 
the gain control signal at low ievels, degrad- 
ing tracking accuracy. 


The output of the expandor is biased up to 
3V by the dc gain provided by R3, R4. The 
output will bias up to 


R3 
Vourde =(1+ — ) 
R4 


Vret 


For supply voltages higher than 6V, Ra can 
be shunted with an external resistor to bias 
the output up to 1/2Vcc. . 


Note that itis possible to externally increase 
Ri, Re, and R3, and to decrease R3 and Ra. 
This allows a great deal of. flexibility in 
setting up system levels. If larger input 
signals are to be handled, R1 and R2 may be 
increased; if a larger output is required, R3 
may be increased. To obtain the largest 
dynamic range out of this circuit, the rectifi- 
er input should always be as large as possi- 
ble (subject to the +300uA peak current 
restriction). 


BASIC COMPRESSOR 


Figure 2 shows how to use the NE570/571 as 
a compressor. It functions as an expandor in 
the feedback loop of an op amp. if the input 
rises 6dB, the output can rise only 3dB. The 
3dB increase in output level produces a 3dB 
increase in gain in the AG cell, yielding a 6dB 
increase in feedback current to the summing 
node. Exact expression for gain is 


1 
R1 Ro le /2 
Gain comp =| —-—-——- 
2 R3 Vin (ave) 


The same restrictions for the rectifier and 
AG cell maximum input current still hold, 
which place a limit on the maximum com- 
pressor Output. As in the expandor, the 
rectifier and AG cell inputs could be made 
common to save a Capacitor, but low level 
tracking accuracy would suffer. Since there 
is no dc feedback path around the op amp 
through the AG cell, one must be provided 
externally. The pair of resistors Rac and the 


BASIC EXPANDOR 


Figure 1 
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capacitor Cac must be provided. The op 
amp output will bias up to 


Rac 
) Vret 


Vout de = (1 + 
Ra 


For the largest dynamic range, the com- 
pressor output should be as large as possi- 
ble so that the rectifier input is as large as 
possible (subject to the +300uA peak cur- 
rent restriction). If the input signal issmall,a 
large output can be produced by reducing 
R3 with the attendant decrease in input 
impedance, or by increasing Ri or Ra. It 
would be best to increase Ro rather than Ry 
so that the rectifier input current is not re- 
duced. 


BASIC COMPRESSOR 


DISTORTION TRIM | 
Distortion can be produced by voltage off- 
sets in the AG cell. The distortion is mainly 
even harmonics, and drops with decreasing 
input signal. (Input signal meaning the cur- 
rent into the AG cell.) The THD trim terminal 
provides a means for trimming out the offset 
voltages and thus trimming out the distortion. 
The circuit shown in Figure 3 is suitable, as 
would be any other capable of delivering 
+ 30,A into 1002 resistor tied to 1.8V. 


THD TRIM NETWORK 


Vcc 


To THD Trim 


Figure 3 
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LOW LEVEL MISTRACKING 


The compandor will follow a 2 to 1 tracking 
ratio down to very low levels. The rectifier is 
responsibie for errors in gain, and it is the 
rectifier input bias current of <100na that 
produces errors at low levels. The magni- 
tude of the error can be estimated. Fora full 
scale rectifier input signal of +200uA, the 
average input current will be 127uA. When 
the input signai ievel drops to a 1A aver- 
age, the bias current will produce a 10% or 
1dB error in gain. This will occur at 42dB 
below the maximum input level. 


It is possible to deviate from the 2 to 1 transfer 
characteristic at low levels as shown in the cir- 
cuit of Figure 4. Either R, or R,, (but not 
both), is required. The voltage on C,gq is 
2x Vp, plus V;, ave. For low level inputs Vj, 
ave is negligible, so we can assume 1.3V as 
the bias on Cre. If R, is placed from C..,, to 
gnd we will bleed off a current | = 1.3V/R,. If 
the rectifer average input current is less than 
this value, there will be no gain control input 
to the AG cell so that its gain will be zero and 
the expandor output will be zero. As the input 
level is raised, the input current will exceed 
1.3V/R, and the expandor output will become 
active. For large input signals, R, will have lit- 
tle effect. The result of this is that we will devi- 
ate from the 2 to 1 expansion, present at high 
levels, to an infinite expansion, at low levels 
where the output shuts off completely. Figure 
5 shows some examples of tracking curves 
which can be obtained. Complementary 
curves would be obtained for a compressor, 
where at low level signals the result would be 
infinite compression. The bleed current 
through R, will be a function of temperature 
because of the two V,,, drops, so the low level 
tracking will drift with temperature. If a nega- 
tive supply is available, it would be desirabie 


to tie R, to that, rather than ground, and to 
increase its value accordingly. The bleed cur- 
rent will then be less sensitive to the V,, tem- 
perature drift. 


R, will supply an extra current to the rectifier 
equal to (Voc -1.3V)R,p. In this case, the 
expandor transfer characteristic will deviate 
towards 1 to 1 at low levels. At low levels the 
expandor gain will stop dropping and the 
expansion will cease. In a compressor this 
would lead to a lack of compression at low lev- 
els. Figure 6 shows some typical transfer 
curves. An R, value of approximately 2.5Meg 
would trim the low level tracking so as to 
match the Bell system N2 trunk compandor 
characteristic. 
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Figure 6 


RECTIFIER BIAS CURRENT 
CANCELLATION 

The rectifier has an input bias current of 
between 50 and 100na. This limits the 
dynamic range of the rectifier to about 60dB. 
It also limits the amount of attenuation of the 
AG cell. The rectifier dynamic range may be 
increased by about 20dB by the bias current 
trim network shown in Figure 7. Figure 8 
shows the rectifier performance with and 
without bias current cancellation. 


ATTACK AND DECAY TIME 


The attack and decay times of the compandor 
are determined by the rectifier filter time con- 
stant 10K xC,.... Figure 9 shows how the 
gain will change when the input signal under- 
goes a 10, 20, or 30dB change in level. 


The attack time is much faster than the decay, 
which is desirable in most applications. Fig- 
ure 10 shows the compressor attack envelope 
fora + 12dB step in input level. The initial out- 
put level of 1 unit instantaneously rises to 4 
units, and then starts to fall towards its final 
value of 2 units. The CCITT recommendation 
on attack and decay times for telephone sys- 
tem compandors defines the attack time as 
when the envelope has fallen to a level of 3 
units, corresponding to t=.15 in the figure. 
The CCITT recommends an attack time of 3 
+2ms, which suggests an RC product of 
20ms. Figure 11 shows the compressor out- 
put envelope when the input level is suddenly 
reduced 12dB. The output, initially at a level 
of 4 units, drops 12dB to 1 unit and then rises 
to its final value of 2 units. The CCITT defines 
release time as when the output has risen to 
1.5 units, and suggests a value of 13.5 
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GAIN vs TIME FOR INPUT STEPS 
OF + 10,+ 20, + 30dB 
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Figure 9 


COMPRESSOR ATTACK ENVELOPE 
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Figure 10 
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Figure 11 


+ 9ms. This corresponds to t = .675 in the fig- 
‘ure, which again suggests a 20ms RC prod- 
uct. Since R, = 10K, the CCITT recommenda- 
tions will be met if C,oo, = 2uF. 


There is a trade-off between fast response 
and low distortion. If a small C,.. is used to 
get very fast attack and decay, some ripple 
will appear on the gain control line and pro- 
duce distortion. As a rule, a 1uF C,.,; will pro- 
duce .2% distortion at 1kHz. The distortion is 
inversely proportional to both frequency and 
capacitance. Thus, for telephone applications 
where Co = 2uF, the ripple would cause .1% 
distortion at 1kKHz and .33% at 300Hz. The 
low frequency distortion generated by a com- 
pressor would be cancelled (or undistorted) 
by an expandor, providing that they have the 
same value of Cract. 


FAST ATTACK, SLOW 
RELEASE HARD LIMITER 


The NE570/571 can be easily used to make 
an excellent limiter. Figure 12 shows a typical 
circuit which requires 1/2 of an NE570/571, 1/2 
of an LM339 quad comparator, anc a pnp 
transistor. For small signals, the AG cell is 
nearly off, and the circuit runs at unity gain as 
set by Rg, R7. When the output signal tries to 
exceed a + or — 1V peak, a comparator 
threshold is exceeded. The pnp is turned on 
and rapidly charges C, which activates the 
AG cell. Negative feedback through the AG 
cell reduces the gain and the output signal 
level. The attack time is set by the RC product 
of Ryg and C,, and the release time is deter- 
mined by C, and the internal rectifier resistor, 
which is 10K. The circuit shown attacks in 
less than 1ms and has a release time con- 
stant of 100ms. Rg trickles about .7A through 
the rectifier to prevent C, from becoming 
completely discharged. The gain cell is acti- 
vated when the voltage on pin 1 or 16 ex- 
ceeds two diode drops. If C, were allowed to 
become completely discharged, there would 
be a slight delay before it recharged to >1.2V 
and activated limiting action. 


A stereo limiter can be built out of 1 
NE570/571, 1 LM339 and two pnp transis- 
tors. The resistor networks R12, Ri3 and R44, 
R15, which set the limiting thresholds, could 
be common between channels. To gang the 
stereo channels together (limiting in one 
channel will produce a corresponding gain 
change in the second channel to maintain 
the balance of the stereo image), then pins 1 
and 16 should be jumpered together. The 
outputs of all 4 comparators may then be 
tied together, and only one pnp transistor 
and one capacitor C4 need be used. The 
release time will then be the product 5KxC4 
since two channels are being supplied cur- 
rent from C4. 


USE OF EXTERNAL OP AMP 


The operational amplifiers in the NE570/571 
is not adequate for some applications. The 
slew rate, bandwidth, noise, and output 
drive capabitity can limit performance in 
many systems. For best performance, an 
external op amp can be used. The external | 
op amp may be powered by bipolar supplies 
for a larger output swing. 


Figure 13 shows how an external op amp may 
be connected. The non-inverting input must 
be biased at about 1.8V. This is easily accom- 
plished by tying it to either pin 8 or 9, the THD 
trim pins, since these pins sit at 1.8V. An 
optional RC decoupling network is shown 
which will filter out the noise from the NE570/ 
571 reference (typically about 10uV. in 20kHz 
BW). The inverting input of the external op 
amp is tied to the inverting input of the inter- 
nal op amp. The output of the external op 
amp is then used, with the internal op amp 
output left to float. If the external op amp is 
used single supply (+Voec and ground), it 
must have an input common mode range | 
down to less than 1.8V. 


N2 COMPANDOR 

There are four primary considerations in- 
volved in the application of the NE570/571 
in an N2 compandor. These are matching of 
input and output levels, accurate 600N input 
and output impedances, conformance to 
the Bell system low level tracking curve, and 
proper attack and release times. 


Figure 14 shows the implementation of an N2 
compressor. The input level of .245V rms is 
stepped up to 1.41V rms by the 6000: 20KQ 
matching transformer. The 20K input resistor 
properly terminates the transformer. An inter- 
nal 20KQ resistor (Rs) is provided, but for 
accurate impedance termination an external 
resistor should be used. The output impecd- 
ance is provided by the 4K output resistor and 
the 4KQ: 6000 output transformer. The .275V 
rms output level requires a 1.4V op amp out- 
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put level. This can be provided by increasing 
the value of R, with an external resistor, which 
can be selected to fine trim the gain. A rear- 
rangement of the compressor gain equation 
(6) allows us to determine the value for Ro. 


Gain® x 2Rg Vin ave 12X 2 X 20K X 1.27 
Rao ee 
Ri le 


= 36.3K 


10K X 140uA 


The external resistance required will thus be 
36.3K - 20K = 16.3K 


The Bell compatible low level tracking 
Characteristic is provided by the low level trim 
resistor from Cre tO Voc. As shown in Figure 
6, this will skew the sytem to a 1:1 transfer 
characteristic at low levels. The 2uF rectifier 
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Figure 14 


capacitor provides attack and release times 
of 3ms and 13.5ms respectively, as shown in 
Figures 10 and 11. The R-C-R network around 
the op amp provides dc feedback to bias the 
output at de. 


An N2 expandor is shown in Figure 15. The 
input level of 3.27V RMS is stepped down to 


1.33V by the 6000: 1000 transformer, which is 
terminated with a 1000 resistor for accurate 
impedance matching. The output impedance 
is accurately set by the 1500 output resistor 
and the 1500: 6000 output transformer. With 
this configuration the 3.46V transformer out- 
put requires a 3.46V op amp output. To obtain 
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this output level, it is necessary to increase 
the value of R34 with an external trim resistor. 
The new value of R, can be found with the 
expandor gain equation 


Ri Rele Gain 10K X 20K X 140A X 2.6 


2 Vin avg 2 X 1.20 
= 30.3K 
An external addition to R3 of 10K is required, 
and this value can be selected to accurately 


set the high level gain. 


sounding gain change. Rig assures that for 
large control voltages the circuit will go to 
full attenuation. The rectifier bias current 
would normally limit the gain reduction to 
about 70dB. R18 draws excess current out of 
the rectifier. After approximately 50dB of 
attenuation at a -6dB/V slope, the slope 
steepens and attenuation becomes much 
more rapid until the circuit totally shuts off 
at about 9 volts of control voltage. A1 should 
be a low noise high slew rate op amp. R13 


output. This makes gain inversely propor- 
tional to input level so that a 20dB drop in 
input level will produce a 20dB increase in 
gain. The output will remain fixed at a con- 
stant level. As shown, the circuit will maintain 
an output level of + 1dbm for an input range 
of +14 to —43dbm at 1kHz. Additional exter- 
nal components will allow the output level to 
be adjusted. Some relevant design equations 
are: 


A low level trim resistor from Crect 0 Veg of = 2G Aig establish approximately a zero volt Output level = bu “(2 Ip = 140uA 
about 3Meg provides matching of the Bell low bias at A,’s output. 2R3 \Vin(avg) 
level tracking curve, and the 2uF value of Cre, = With a zero volt control voltage, Rig should 
provides the proper attack and release times. be adjusted for 0dB gain. At 1V (-6dB gain) R; Rois 
A 16K resistor from the summing node to Rg should be adjusted for minimum distor- Gain=—--~__ where 
ground biases the output to 7V de. tion with a large (+10dBm) input signal. The 2 Rs Vin (avg) 
output dc bias (A; output) should be meas- 
ured at full attenuation (+10V control voit- 
VOLTAGE CONTROLLED age) and then Reis adjusted to give the same 7" =2 —"— = 1.11 (for sine wave) 
ATTENUATOR eae | Weer 


The variable gain cell in the NE570/571 may 
be used as the heart of a high quality voltage 
controlled amplifier (VCA). Figure 16 shows a 
typical circuit which uses an external op amp 


value at OdB gain. Properly adjusted, the 
circuit will give typically less than .1% dis- 
tortion at any gain with a dc output voltage 
variation of only a few millivolts. The clip- 
ping level (140uA into pin 3, 14) is +10V 


If ALC action at very low input levels is not 
desired, the addition of resistor Rx will limit 
the maximum gain of the circuit. 


for better performance, and an exponential peak. A signal to noise ratio of 90dB can be Art BX iy Batis 
converter to get a control characteristic of Obtained. Gites oe 
- 6dB/V. Trim networks are shown to null out |f several VCA’s must track each other, a 2 Rs 


distortion and dc shift, and to fine trim gain to 
OdB with zero volts of contro! voltage. 


Op amp Az and transistors Qi and Q2 form 
the exponential converter generating an ex- 
ponential gain control current, which is fed 
into the rectifier. A reference current of 
150A, (15V and R2o = 100K), is attenuated a 
factor of two (6dB) for every volt increase in 
the contro] voltage. Capacitor Ce siows 
down gain changes to a 20ms time constant 
(Ce x Ri) so that an abrupt change in the 
control voltage will produce a smooth 
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common exponential converter can be 
used. Transistors can simply be added in 
parallel with Q2 to control the other chan- 
nels. The transistors should be maintained 
at the same temperature for best tracking. 


AUTOMATIC LEVEL CONTROL 

The NE570 can be used to make a very high 
performance ALC as shown in Figure 17. This 
circuit hookup is very similar to the basic com- 
pressor shown in Figure 2 except that the rec- 
tifier input is tied to the input rather than the 


The time constant of the circuit is deter- 
mined by the rectifier capacitor, Crect, and 
an internal 10K resistor. 


r= 10K Crect 


Response time can be made faster at the 
expense of distortion. Distortion can be 
approximated by the equation. 


ae -( wf) anes 
Crect freq. 
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OC SHIFT 


VOLTAGE CONTROLLED ATTENUATOR 


+ 18 | 


TRIM 


CONTROL Ry 


VOLTAGE 8.49K 1% 
0=~© 10V © 
100 9 A 
FOR GANGING % sh 


MULTIPLE CHANNELS 


a ae 


VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 


Compression and expansion ratios other than 
2:1 can be achieved by the circuit shown in 
Figure 18. Rotation of the dual potentiometer 
causes the circuit hookup to change from a 
basic compressor to a basic expandor. In the 
center of rotation, the circuit is 1:1, has nei- 
ther compression nor expansion. The (input) 
output transfer characteristic is thus continu- 
ously variable from 2:1 compression, through 
1:1 up to 1:2 expansion. If a fixed compres- 
sion or expansion ratio is desired, proper 
selection of fixed resistors can be used 
instead of the potentiometer. The optional 
threshold resistor will make the compression 
or expansion ratio deviate towards 1:1 at low 
levels. A wide variety of (input) output charac- 
teristics can be created with this circuit, some 
of which are shown in Figure 18. 


wn 
Cal 
~ 


~18V 


+18 


Figure 16 


HI Fi COMPANDOR 


The NE570 can be used to construct a high 
performance compandor suitable for use 
with music. This type of system can be used 
for noise reduction in tape recorders, trans- 
mission systems, bucket brigade delay 
lines, and digital audio systems. The circuits 
to be described contain features which im- 
prove performance, but are not required for 
all applications. 


A major problem with the simple NE570 com- 
pressor (Figure 2) is the limited op amp gain 
at high frequencies. For weak input signals, 
the compressor circuit operates at high gain 
and the 570 op amp simply runs out of loop 
gain. Another problem with the 570 op amp is 
its limited slew rate of about .6V/ys. This is a 
limitation of the expandor, since the expandor 
is more likely to produce large output signals 
than a compressor. 


Figure 20 is a circuit for a high fidelity com- 
pressor which uses an external op amp and 
has a high gain and wide bandwidth. An input 
compensation network is required for stability. 


Another feature of the circuit in Figure 20 
is that the rectifier capacitor (Cg) is not 
grounded, but is tied to the output of an op 
amp circuit. This circuit, built around an 
LM324, speeds up the compressor attack 
time at low signal levels. The response times 
of the simple expandor and compressor (Fig- 
ures 1 and 2) become longer at low signal 
levels. The time constant is not simply 
10K x Croc, but is really 


(10K +2 (2) Creek 
lrect 
When the rectifier input level drops from 


OdBm to -30dBm, the time constant in- 
creases from 10.7KxCrect to 32.6KxCrect. In 
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(2,15) R, (1,16) 
10K + 
RX : i. C rect 
= R, 20K 
© (3.14) 
auf 


Figure 17 


VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 


OVW 


COMPRESSION 


EXPANSION 


A R, 10K | 
Dt 


(2,15) 


T HOLO 1 MEG 
HRESHOL ‘oa 4 (1,16) 


+ 
i Crecr 


Figure 18 
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systems where there is unity gain between 
the compressor and expandor, this will 
cause no overall error. Gain or loss between 
the compressor and expandor will be a 
mistracking of iow signal dynamics. The 
circuit with the LM324 will greatly reduce 
this problem for systems which cannot 
guarantee the unity gain. 


When a compressor is operating at high 
gain, (small input signal), and is suddenly hit 


~with a signal, it will overload until it can 


reduce its gain. Overloaded the output will 
attempt to swing rail to rail. This compress- 
or is limited to approximately a 7V peak to 
peak output swing by the brute force ciamp 
diodes D3 and D4. The diodes cannot be 
placed in the feedback loop because their 
Capacitance would limit high frequency 
gain. The purpose of limiting the output 
swing is to avoid overloading any succeed- 
ing circuit such as a tape recorder input. 


The time it takes for the compressor to 
recover from overload is determined by the 
rectifier capacitor C9. A smaller capacitor 


will allow faster response to transients, but 


will produce more low frequency third har- 
monic distortion due to gain modulation. A 
value of 1n.F seems to be a good compromise 
value and yields good subjective results. Of 
course, the expandor should have exactly 
the same vaiue rectifier capacitor for proper 
transient response. Systems which have 
good low frequency amplitude and phase 
response can use compandors with smaller 
rectifier capacitors, since the third harmon- 
ic distortion which is generated by the com- 
pressor will be undistorted by the expandor. 


Simple compandor systems are subject to a 
problem known as breathing. As the system 
is changing gain, the change in the back- 
ground noise level can sometimes be heard. 


TYPICAL INPUT-OUTPUT 
TRACKING CURVES OF 
VARIABLE RATIO 
COMPRESSOR-EXPANDOR 


OUTPUT 
LEVEL 
10dB/DIV 


INPUT LEVEL 10dB/DIV. 


Figure 19 
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The compressor in Figure 20 contains a high 
frequency pre-emphasis circuit (C., Rs and 
Cg, Ry4), which helps solve this problem. 
Matching de-emphasis on the expandor is 
required. More complex designs could make 
the pre-emphasis variable and further reduce 
breathing. 


The expandor to complement the compressor 
is shown in Figure 21. Here an external op 
amp is used for high slew rate. Both the com- 
pressor and expandor have unity gain levels 
of OdBm. Trim networks are shown for distor- 
tion (THD) arid de shift. The distortion trim 
should be done first, with an input of OdBm at 
10kHz. The dc shift should be adjusted for 
minimum envelope bounce with tone bursts. 
When applied to consumer tape recorders, 
the subjective performance of this system is 
excellent. . 


Hi-Fi COMPRESSOR WITH PRE-EMPHASIS 


+ VF Co 
+ 


2/4 LM324 


+3.6V 


R,; 
220K 
100K Ry; 
Ria 220K 
THD 
TRIM 5: F COMPRESSOR 
= - OUT 
Cro 
Ry, 
100K 
COMPRESSOR ro 
2 
In 005 


NE5534 


Figure 20 
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HI-F! EXPANDOR WITH DE-EMPHASIS 


+3.6V 
+7.5V 
R, R, - 
D.C. R,, S 68K ; 
; 12 
SHIFT Rio 20K 
R; TRIM 220K 
220K _ T.H.D. TRIM 
\ ny 
1/2 NES70 
pron (9) 
\ 
| 
EXPANDOR 5:F R, 
+ 
i 9 
C, 20K 
+2.F  EXPANDOR 
‘ | 
¢ i 
QuF 30K R, 
+ 
(18) Dt 
C; 10K 
| 
R, 2 100K | 
5 01 iets oes a Se (18) es eee 
Cy 
nF 
c 
2/4 LM324 
1K 
‘ 1K 
Pir 
; 
Ra 
.7 D; = 
Figure 21 
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NE572 AUTOMATIC LEVEL CONTROL 


“ a | 
Rx 
wae ATTACK 4 2 
= CAP 
+ 
5 6.8K 7 
AG } 
Ry 
100K 9.1K 9.1K 
Re 
17.3K 
+ 
Vin on oe R 
2.2uF 3 
TO THD 
TRIM PIN 1K 
OF 572 
PIN 6 


Vooc = VREF ( + Roc: + Rocz = Bees WHERE: 
4 
OUTPUT LEVEL = (ube) vn 
2R3 /\Vin(avg) 
RiRalp 
GAIN = ——--_*>—-——— WHERE: 
2R3 Vin (avg) 
ATTACK TIME = (10K) Ca 
RECOVERY TIME = (10K) Cr VIN 
Vin(avg) 7 


TO LIMIT THE GAIN AT VERY LOW INPUT LEVELS, ADD Rx: 
Ry + Rx 
1.8V «Roelg 
2R3 > 


GAIN MAX. = 


NOTE: 
PIN NUMBERS ARE FOR SIDE A OF THE NE572 


RECOVERY 


CAP 
+ 


Cr 


2.2uF 


+ 
-#———© Vour 


2.2pF 


R, = 100K 
Roci = Roce = 9.1K 
Vrer = 2.5V 


R, = 6.8K (Internal) 
R2 =3.3K 


(FOR SINE WAVES) 
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Compandors are versatile, low cost, dual 
channel gain control devices for audio fre- 
quencies. They are used in tape decks, cord- 
less telephones, and wireless microphones 
performing noise reduction. Electronic 
organs, modems and mobile telephone 
equipment use compandors for signal level 
control. 


So what is companding? Why do it at all? 
What happens when we do it? Compandor is 
the contraction of the two words compressor 
and expandor. There is one basic reason to 
compress a signal before sending it through a 
telephone line or recording it on a cassette 
tape. It is to process that signal (music, 
speech, data) so that all parts of it are above 
the inherent noise floor of the transmission 
medium and yet not running into the max 
dynamic range limits, causing clipping and 
distortion. The diagrams below demonstrate 
the idea; they are not totally correct because 
in the real world of electronics the 3kHz tone 
is riding on the 1kHz tone. They are shown 
separated for better explanation. 


Figure 1 is the signal from the source. Figure 
2 shows the noise always in the transmission 
medium. Figure 3 shows the max limits of the 
transmission medium and what happens 
when a signal larger than those limits is sent 
through it. Figure 4 is the result of compress- 
ing the signal. (Note that the larger signal 
would not be clipped when transmitted.) 


The received/playback signal is processed 
(expanded) in exactly the same-only invertea- 
ratio as the input signal was compressed. The 
end result is clean, undistorted sianal with a 
high signal-to-noise ratio. 


This document has been designed to give the 
reader a basic working knowledge of the 


BLOCK DIAGRAMS 


NE570/571/SA571 


CURRENT 
CONTROLLED 
GAIN CELL 


INPUT © 


VOLT.-TO 
CURRENT 
CONVERTER 


~ INPUTO 


ATTACK/RELEASE 
TIME CONSTANT 
CAPACITOR 
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Signetics Compandor family. The analyses of 
three primary applications will be accompa- 
nied by “recipes” describing how to select 
external components (for both proper opera- 
tion and function modification). Schematic 
and artwork for an application board are also 
provided. For comprehensive technical infor- 
mation consult the Compandor Product 
Guide or the Linear LS! Data Manual. 


SIGNAL AFTER 
AMPLIFYING X3 
TO BE ABOVE NOISE 


The basic blocks in a compandor are the cur- 
rent controlled variable gain cell (delta-G), 
voltage to current converter (rectifier), and 
operational amplifier. Each Signetics com- 
pandor package has two identical, indepen- 
dent channels with the following block 
diagrams (notice that the 570/71 is different 
from the 572): 


MAX DYNAMIC 
RANGE 6V pk-pk 


\ 


ORIGINAL SIGNAL INPUT 
Figure 3 


1kHz, 5V pk-pk 
SIGNAL AFTER COMPRESSION 


3kHz, 1V pk-pk 


Figure 1 


WIDE BAND NOISE FLOOR 
OF TRANSMISSION LINE 


Figure 2 Figure 4 


NE572 


CURRENT 
CONTROLLED 
GAIN CELL 


INPUT © O OUTPUT 


O OUTPUT 


ATTACK 
TIME 
CAPACITOR 


RELEASE 
TIME 
CAPACITOR 


BUFFER 


VOLTAGE 
TO 
CURRENT 


INPUT O 


SEE NOTES 
AT END 
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The operational amplifier is the main signal 
path and output drive. 


The full wave averaging rectifier measures the 
AC amplitude of a signal and develops a con- 
trol current for the variable gain cell. 


The variable gain cell uses the rectifier con- 
trol current to provide variable gain control for 
the operational amplifier gain block. 


The compandor can function as a COM- 
PRESSOR, EXPANDOR, and AUTOMATIC 
LEVEL CONTROLLER or as a complete 
compressor/expandor system as described in 
the following: 


1) The COMPRESSOR function processes 
uncontrolled input signals into controlled 
output signals. The purpose of this is to 
avoid distortion caused by a narrow 
dynamic range medium such as: telephone 
lines, RF and satellite transmissions, and 
magnetic tape. The COMPRESSOR can 
also limit the level of a signal. 

2) The EXPANDOR function allows a user to 
increase the dynamic range of an incoming 
compressed signal such as radio broad- 
casts. 

3) The compressor/expandor system allows a 
user to retain dynamic range and reduce 
the effects of noise introduced by the trans- 
mission medium. 

4) The AUTOMATIC LEVEL CONTROL (ALC) 
function (like the familiar automatic gain 
control) adjusts its gain proportionally with 
the input amplitude. This ALC circuit there- 
fore transforms a widely varying input sig- 
nal into a fixed amplitude output signal 
without clipping and distortion. 


BASIC COMPRESSOR 


AN176 


CURRENT — 
CONTROLLED 
| GAIN CELL 


VOLTAGE TO 
CURRENT 
CONVERTER 


OVout Vino— 


Figure 5 


HOW TO DESIGN COMPANDOR 
CIRCUITS 


The rest of the cookbook will provide you with 
basic compressor, expandor, and automatic 
level control application information. In all of 
the circuits a NE570/571 has been used. If 
high fidelity audio or separately programma- 
ble attack and decay time are needed, the 
NE572 with a low noise op-amp should be 
used. 


The COMPRESSOR (see Figure 5) utilizes all 
basic building blocks of the compandor. In 
this configuration, the variable gain cell is 
placed in the feedback !oop of the standard 
inverting amplifier circuit. The gain equation 
is Av= —Re/Riy. As shown above, the varia- 
ble gain cell acts as a variable feedback resis- 
tor (Re). (See Figure 5.) 


As the input signal increases (above the 
crossover level of OdBm), this variable resistor 
decreases in value, causing the gain to 
decrease, thus limiting the output amplitude. 


Below the crossover level of OdBm, an 
increase in input signal causes the variable 
resistor to increase in value thereby causing 
the output signal’s amplitude to increase. 


In the compressor configuration the rectifier 
is connected to the output. 


The complete equation for the compressor 
gain is: 


eu Ri Azle. | 
ain comp. = |e y- (avg) 


where: R, = 10K 

R» = 20K 

R3 = 20K 

lp = 140nA 
Vin(avg) = 0.9 (Viy(rms)) 


COMPRESSOR RECIPE 


1) DC bias the output half way between the 
supply and ground to get maximum head- 
room. The circuit in Figure 6 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 


Vout pc = (1 +(2Rpc/R,)) Vac 


where: R, = 30K 
VreF = 1.8V 
Roc is external 


manipulating the equation we arrive at... 
V R 
roo= ((a)-1) 3) 
VREF 2 
Note that the Cipc) should be large enough to 
totally short out any AC in this feedback loop. 


2) Analyze the OUTPUT signal’s anticipated 
amplitude. 

a) if larger than 2.8V peak, Ro needs to be 
increased. (see INGREDIENTS sec- 
tion, below) 

b) if larger than 3.0V peak, R, will a/so 
need to be increased. 


By limiting the peak input currents we avoid 

Signal distortion. 

3) The input and output coupling caps need 
to be large enough not to attenuate any 
desired frequencies. (X, = 1/(6.28xf) 


8-167 


8 


LINEAR LS] PRODUCTS 


COMPANDOR COOKBOOK 


AN176 


4) The C(rect) should be 1nF to 2uF for initial 
setup. This directly affects Attack and 
Release times. 

5) An input buffer may be necessary if the 
sources’ output impedance needs match- 
ing. 

6) Pre-emphasis may be used to reduce 
noise-pumping, breathing, etc., if present. 
See the NE570/571 data sheet for specific 
detaiis. 

7) Distortion (THD) trim pins are availabie if 
the already low distortion needs to be fur- 
ther reduced. Refer to data sheet for trim- 
ming network. Note that if not used, the 
THD trim pins should have 200pF caps to 
ground. 

8) At very low input signal levels, the rectifier’s 
errors become significant and can be 
reduced with the Low Level Mistracking 
network. (This technique prevents infinite 
compression at low input levels.) 


The EXPANDOR utilizes all the basic building 
blocks of the compandor (see Figure 7). In 
this configuration the variable gain cell is 
placed in the inverting input lead of the opera- 
tional amplifier and acts as a variable input 
resistance, Ry. The basic gain equation for 
operational amplifiers in the standard invert- 
ing feedback loop is Av= — Re/Rn. 

As the input amplitude increases above the 
crossover level of OdBM, this variable resistor 
decreases in value, causing the gain to 
increase, thus forcing the output amplitude to 
increase. (Refer to Figure 10.) 

Below the crossover level an increase in input 
amplitude causes the variable resistor to 
increase in value, thus forcing the output 
amplitude to decrease. 


In the expandor configuration the rectifier is 
connected to the input. 


The complete equation for the expandor gain 
is: 


BASIC EXPANDOR 
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Gain expandor = (2R3V,j\(avg))/RyRolg 
where: R, = 10K 

Ro = 20K 

Rs = 20K 

Ip = 140pnA 
Vin(avg) = 0.9 (Vin(rms)) 


EXPANDOR RECIPE 


1) DC bias the output half way between the 
supply and ground to get maximum head- 
room. The circuit in Figure 8 is designed 
around a system supply of 6 volts so we 
want the output DC level to be 3 volts. 


Vout DC = (1+ R3/R4) Vrer 
where: Rz = 20K 

R,= 30K 

VaEF = 1.8V 


Note that when using a supply voltage higher 
than 6 volts the DC output level should be 
adjusted. To increase the DC output level, it is 
recommended that R, be decreased by add- 
ing parallel resistance to it. (Changing R3 
would affect the expandor’s AC gain also and 
thus cause a mismatch in a companding 
system.) 


| BASIC COMPRESSOR 


NOTE: 

Max AC current into: 

® Gaincell is 140uA peak 

® Rectifier is 300A peak 

All components are internal, except 
the caps and Roo 


BASIC EXPANDOR 


| CURRENT 
—| CONTROLLED 
| GAIN CELL 


VOLTAGE 
TO CURRENT 
CONVERTER 


Figure 7 
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2) Analyze the input signal's anticipated 
amplitude: 

a) if larger than 2.8 peak, R, needs to be 
increased. (see INGREDIENTS sec- 
tion, below) 

b) if larger than 3.0V peak, R, will a/so 
need to be increased. (see INGREDI- 
ENTS, below) 

By limiting the peak input currents we avoid 
signal distortion. 


3) The input and output decoupling caps 
need to be large enough not to attenuate 
any desired frequencies. 

4) The C(rect) should be 1yF to 2uF for initial 
setup. 

5) An input buffer may be necessary if the 
sources’ output impedance needs match- 
ing. 

6) De-emphasis would be necessary if the 
complementary compressor circuit had 
been pre-emphasized (as in a tape deck 
application). See the HI-Fl Expandor appli- 
cation in the Linear LSI Data Manual. 

7) Distortion (THD) trim pins are available if 
the already low distortion needs to be fur- 
ther reduced. See Linear LSI Data Manual 
for trimming network. Note that if not used, 
the THD trim pins should have 200pF caps 
to ground. 

8) At very low input signal levels, the rectifier’s 
errors become significant and can be 
reduced with the Low Level Mistracking 
network (see Linear LSI Data Manual). 
(This technique prevents infinite expansion 
at low input leveis.) 


in the ALC configuration, (Figure 9), the varia- 
ble gain cell is placed in the feedback loop of 
the operational amplifier (as in the COM- 
PRESSOR) and the rectifier is connected to 
the input. 


As the input amplitude increases above the 
crossover point, the overall system gain 
decreases proportionally, holding the output 
amplitude constant. 


As the input amplitude decreases below the 
crossover point, the overall system gain 
increases proportionally, holding the output 
amplitude at the same constant level. 


The complete gain equation for the ALC is: 


Gain = RiRoale 
2 Rg Vin (avg) 
Rol V 
Output level = ame (—_4 
2 Rg Vin(avg) 
V 
where IN = 1.11 (for sine wave) 


ei ao oe 
Vin(avg) 22 


Note that for very low input levels, ALC may 
not be desired and to limit the maximum gain, 
resistor Rx has been added. The modified 
gain equation is: 


R, + Ry 
18V x Ro xi, 
2 R3 


Gain max. = 


Ry =((desired max gain) x 26K) — 10K 


INGREDIENTS 


[Application guidelines for internal and exter- 
nal components (and input/output con- 
straints) needed to tailor (cook) each of the 
three entrees (applications) to your taste.] 


R, (10Kohms) limits input current to the rec- 
tifier. This current should not exceed an AC 
peak value of +300 microamps. An external 
resistor may be placed in series with R, if the 
input voltage to the rectifier will exceed 
+ 3.0V peak (i.e., 10K x 300A = 3.0V). 


BASIC EXPANDOR 


‘A CrecT 


NOTE: 
ALL COMPONENTS ARE 
INTERNAL EXCEPT CAPS. 


Figure 8 


AUTOMATIC LEVEL CONTROL 


1pF 
+ 


6 


VIN 


(2,15) Ry 


10K 


(7,10) 


1.8V 


Figure 9 
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R» (20Kohms) limits input current to the vari- 
able gain cell. This current should not exceed 
an AC peak value of +140 microamps. 
Again, an external resistor has to be placed in 
series with Ro if the input voltage to the varia- 
ble gain cell exceeds +2.8V (i.e, 
20K x 140A). 


R3 (20Kohms) acts in conjunction with R, as 
the feedback resistor (Rf) (expandor configu- 
ration) in the equation. (R,’s value can be 
either reduced or increased externally.) How- 
ever, it is recommended that R, be the one to 
change when adjusting the output DC level. 


R, (30Kohms) acts as the input resistor (Rj) 
in the standard non-inverting op amp circuit. 
(Its value can only be reduced.) 


Voutpe = (1 + (Ra/Ry)) Viet (for the EXPANDOR) 


Vout DC = (1 + (2Roc/Ra)) Vier (for the COMPAN- 
DOR,ALC) 


[The purpose of these DC biasing equations 
is to allow the designer to set the output half 


way between the supply rails for largest head- 
room (usually some positive voltage and 
ground).] 


Coc acts as an AC shunt to ground to totally 
remove the DC biasing resistors from the AC 
gain equation. 


Ce caps are AC signal coupling caps. 


Crecr acts as the rectifier’s filter cap and 
directly affects the response time of the cir- 
cuit. There is a trade-off, though, between 
fast attack and decay times and distortion. 


The time constant is: 10K x Crecr 


The total harmonic distortion (THD) is approx- 
imated by: 


THD = (1uF/Crecoy)(1kHz/freq.) x 0.2% 


NOTES: 

The NE572 differs from the 570/571 in that: 

1. There is no internal op amp. 

2. The attack and release times are pro- 
grammed separately. 


SYSTEM LEVELS OF A COM- 
PLETE COMPANDING SYSTEM 


Figure 10 demonstrates the compressing and 
expanding functions: 

Point A represents a wide dynamic range sig- 
nal with a maximum amplitude of + 16dB and 
minimum amplitude of — 80dB. 


Point B represents the compressor output 
showing a 2:1 reduction in dynamic range 
(~40dB is increased to -20dB, for exam- 
ple). Point B can also be seen as the dynamic 
range of a transmission medium. Transmis- 
sion noise is present at the — 60dB level from 
Point B to Point C. 

Point C represents the input signal to the 
expandor. 

Point D represents the output of the expandor. 
The signal transformation from Point C to D 
represents a 1:2 expansion. 


SYSTEM LEVELS OF A COMPLETE COMPANDING SYSTEM 


Vv RMS 
+ 16dB 4.9V 
3.1V 
0dB 775MV 
~ 20dB 775MV 
~- 40dB 7.75MV 
— 60dB 775MV 


~ 80dB L 72.5MV 
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WHAT IS COMPANDING?? 

Shown here are some scope pictures of what 
three functions of the compandor look like in 
the kitchen, responding to tone bursts of vary- 
ing amplitudes. 


SOQe 


COMPRESSION 1kHz =XPANSION 1kHz 


COMPRESSOR 
OUTPUT 


EXPANDOR 
OUTPUT 


INPUT- 


OUTPUT 


etl ee 


AUTOMATIC LEVEL CONTROL AUTOMATIC LEVEL CONTROL 


(SMALL SIGNAL INPUT) (LARGE SIGNAL INPUT) 
Figure 11 
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APPLICATION BOARD 


Shown below is the schematic (Figure 12) for 
Signetics’ NE570/571 evaluation/demo board. 
This board provides one channel of EXPAN- 
SION and one channel of COMPRESSION 
(which can be switched to AUTOMATIC 
LEVEL CONTROL). 


Dr 


2 

ES , 
= : 
33K 3 


(OPTIONAL 
PRE-EMPHASIS) 


1 
J 
+ 
1uF 
I 2.2uF 
K 3 
e 
SHOWN AS 
COMPRESSOR (OPTIONAL DE-EMPHASIS) 
ALC 
6K O(SPDT SWITCH) 5 96 


OUT 
x (JUMPER) 2.2uF 14 
; +O om O 
20K 2 30K 10uF EXPANDOR 


INPUT 
10LF = 


EXPANDOR 
OUT 
(OPTIONAL 
PRE-EMPHASIS) 


+ 
2.2uF 


© COMPRESSOR/ALC 
INPUT 


Figure 12 
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APPLICATIONS 

Figure 1 shows a block diagram of the 
NE5080 and NE5081 in a simple point-to- 
point communications scheme. Pin 5 of the 
NE5080 is grounded to permanently enable 
transmission; grounding pin 3 disables the 
jabber function. 


An example of a communications system 
block diagram using the NE5080 and 
the NE5081 (as in a modem) is shown in 
Figure 2. 


DATA IN 


TRANSMITTER 


The jabber function is active in this system. 
The NE5080 Jabber Flag (pin 2) goes high 
when the capacitor at pin 3 of the NE5080 
charges to about 1.4 volts. This fault condi- 
tion will interrupt the Transmission Controller, 
which will cease transmitting and write to the 
proper address for the decoder to put out 
a signal to discharge the capacitor. The 
Controller will then pass the token to the 
next node. 


NE5080 FSK TRANSMISSION NE5081 


RECEIVER 


Figure 1. Point-to-Point Communications 


The transmission medium can be anything 
from a twisted pair to a fiber optic link. The 
NE5081 receives the FSK signal and con- 
verts it to a digital data stream correspond- 
ing to the data sent by the NE5080. Pin-10 
of the NE5081 goes high when the signal 
at its input is above the threshold set by 
the potentiometer between pins 13 and 14 of 
the NE5081. 


DATA OUT 
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SERIAL 
DATA OUT 


TRANSMISSION 
CONTROLLER 


INT 
WR ADDRESS - 
Ff ia 


TRANSMIT 


SERIAL 
DATA IN 


RECEIVER 
CONTROLLER] 


DATA 
VALID 


C13 
0.0047 uF 


19 
_ XOC 18 


C12 
0.0047 uF 


Figure 3. Modem Using a Twisted Pair Transmission Line. 


Note: In applications using twisted pair lines where noise pick-up may be excessive, it is 
| recommended that the twisted pair be driven differentially. Figure 8 shows how this may 


be implemented. 


DC to 2 Megabaud Modem Using 
the NE5080 and NE5081 

The NE5080 and NE5081 are designed to be 
used together as an asynchronous modem. 
They employ FSK modulation at high carrier 
frequencies, plus filtering to reject EMI and 
RFI noise that is frequently encountered 
in industrial and commercial environments. 
Figures 4 and 5 show Full and Half Duplex 
modems. 


The carrier frequency is externally adjustable 
and can range from 50kHz to over 20MHz. 


The modem can be used in a number of 

ways: 

1. Multidrop party line of data transmitting 
and receiving devices (local area net- 
works). 

2. Point-to-point Qperation connecting just 


4. Either 1 or 2 above operated on two cables 
in the full duplex mode. 


The 30dB dynamic range of modems built 
using the NE5080 and NE5081 makes it 
possible to attach them at any point on 
the cable without any gain adjustment. 
There is no problem with proximity to 
other similar modems. 


The distance that can be driven varies with 
the type of cable used, the number of 
modems attached to the cable, and the 
Carrier frequency. 


Typical operation can be 100 modems 
randomly spaced on up to 2000 meters 
of RG-11 (foam) cable with a center fre- 
quency of 5MHz. 


In poirt-to-point operation, one can drive 
further. Table 1 gives obtainable distances 
when different carrier frequencies and cables 
are used. 


Table 1. TRANSMISSION DISTANCE FOR A SINGLE RECEIVER AS 
A FUNCTION OF CENTER FREQUENCY AND CABLE TYPE 


Maximum 
Data Rate 


Carrier =| 
Frequency 


Cable 


RGSS AGAT Foam) | JTSai25 | JTa7s0s_ 


1MHz 
3MHz 
5MHz 


0.5 Megabaud 
1.0 Megabaud 
2.0 Megabaud 


6000 Ft 
5000 Ft 
4200 Ft 


21000 Ft 
12000 Ft 
9500 Ft 


33000 Ft 
20000 Ft 
15000 Ft 


50000 Ft 
32000 Ft 
25000 Ft 


two transmitting/receiving devices. 
3. Either of the above operated on one cable 
in the half duplex mode. 
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, C4 
DATA IN FSK 
Pol LoS) Sinan ame 0.0047 spur 


ATE 
7 IN NE5080 


JABBER FLAG 


C1 C3 
130pF 0.1uF 


DATA OUT 
NE5081 
INPUT LEVEL FLAG 


13 12 17 


c9 R3 
82pF 2.7K 


EXTERNAL COMPONENTS SHOWN ARE FOR 5MHz CARRIER 


Figure 4. NE5080 and NE5081 Connected as a Full Duplex Modem. 
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GATE IN NE5080 


JABBER FLAG 
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C6 
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4 0.0047.F FSK 
DATA OUT INPUT 


NE5081 


INPUT LEVEL FLAG 18 
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EXTERNAL COMPONENTS SHOWN ARE FOR 5MHz CARRIER 


Figure 5. NE5080 and NE5081 Connected as a Half Duplex Modem. 
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FSK MODEM SET-UP 
PROCEDURES . 


To set up the modem per IEEE 802.4 specifi- 
cations, the following sequence should be 
followed at 25 + 2°C ambient. 


TRANSMITTER SET-UP: 


1. 


2. 


3. 


Ground Jabber Control (pin 3) and the 
transmit gate (pin 5) of the NE5080. 
Turn on the power and allow the circuit 
to warm up for 3 minutes. 

Hold the Data Input (pin 14) of the 
NE5080 at a logic high. 


. Measure the frequency at the FSK out- 


put of the transmitter (cable should be 
properly terminated) and adjust R2 fora 
frequency reading of 6.250MHz +5kHz. 


. Apply a logic low to the Data Input and 


check the output frequency. If the read- 
ing is not 3.750MHZ +40kHz, readjust 
Ri until the high frequency is 6.250MHz 
+25kHz and the low frequency is 
3.750MHZ +40kHz. 


Transmitter set-up is now complete. 


Figure 6. NE5081 Data Output When 


Correctly Tuned to Incoming 5MHz 


Carrier. 


FSK IN 


FLAG If 


Figure 9. Correct Adjustment of Input 


RECEIVER SET-UP: 


6. 


. Decrease 


Set Detection Timing pot R5 and Input 
Level Detect pot R4 at the NE5081 to 
mid range. 


. Apply a 5.000 MHz 1Vp-p sine wave to 


the receiver FSK Input. 


. Attach an oscilloscope probe to the Data 


Output pin of the NE5081 and adjust L1 

or C7 (whichever is adjustable) until the 

output state alternates between high and 

low levels. Figures 7 and 8 indicate 
examples of improper tuning. 


. Set the generator to 3.750MHz, 35MVp-p. 
. Adjust Input Level Detect pot R4 until 


the Data Output pin is alternating be- 
tween high and low levels. 


. Increase the generator output to45mVp-p 


and verify that the data output is low. 
the generator output to 
25MVp-p and verify that the data output 
is high. 


. Apply a 100kHz 1V,_, signal to the FSK 


Input and connect a scope probe to the 
Input Level Flag and another probe to 


Figure 7. NE5081 Data Output When 
Tuned Just Below 5MHz Carrier. 


Figure 10. 


Level Detection Timing. 
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the FSK Input. Adjust Detection Timing 
pot R5 so that the delay from the time 
the FSK Input signal goes through 0 
volts on the Positive to negative transi- 
tion, to the time when the Input Level 
Flag goes from high to low, is between 
0.5 and 2.5uSec. See Figure 9. 


. Final adjustment to the tuning of L1/C7 


should be done by using an adjusted 
transmitter to transmit pseudo random 
data and tuning the receiver L1/C7 tank 
circuit for minimum jitter and symmetrical 
eye pattern observed on the receiver pin 
8 (see Figure 10). 


This concludes the receiver set-up procedure. 


Figure 8. NE5081 Data Output Output 
Tuned Just Above 5MHz Carrier. 


‘“‘Eye”’ Pattern at NE5081 Pin 8. 
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DETERMINING 
COMPONENT VALUES 


Power supply pins of both devices should be 
bypassed with high quality 0.1 uF capacitors 
close to the devices. Additionally, the 
NE5081 Voce (pin 9) should be well- 
decoupled from the power supply by a small 
inductor (about 10 wH) and another 0.1 uF 
capacitor as the NE5081 exhibits large 
changes in power supply current during 
switching. 


The coupling capacitors C4 and C13 are 
needed to maintain input bias when a low 
DC impedance line is connected to the FSK 
Input. Too small a value for these capacitors 
could result in excessive signal attenuation. 
If these capacitrs are too large, the receiver 
Input Level Flag may remain high for an ex- 
cessive amount of time after the input signal 
is removed. Each transmitter and each re- 
ceiver should have its own coupling 
capacitor. This is necessary to prevent any 
DC terminations from altering biases. 


The external resistance at the NE5080 pin 
12 should always be about 2.4 kilohms, with 
some adjustment allowable to compensate 
for the tolerance of C1 and slight differences 
between individual ICs. 


C11 and R5 are the Carrier Detect timing 
components and determine how long after 
the FSK input signal is discontinued before 
the Input Level Flag goes low. R5 should not 
exceed 5 kilohms. With C11 set at 56 pF, a5 
kilohm R5 will allow Carrier Detect Timing 
adjustment to 2 wSec. R5 can be a fixed re- 
sistor if this timing is not critical (perhaps be- 
cause of the use of an “end of data” signal). 
This delay is required to allow the signal to 
propagate through the receiver. Carrier 
Detect Timing should be adjusted for different 
center frequencies by choosing C11 accord- 
ing to the relationship: 


C11 


” 3572 f, 


The Input Level Detect function can be dis- 
abled and the receiver be made to hold the 
Carrier Detect Flag high by removing R5 and 
C11 and tying pins 15 and 16 together and 
pulling them up to Voc with a 10 kilohm 
resistor. 


If the Jabber function is not to be used, Jab- 
ber control pin 3 of NE5080 should be 
grounded. If the Jabber function is to be 
used, a Capacitor, C2, should be connected 
between pin 3 and ground. The value of this 
capacitor is determined as indicated below: 


C2 = (0.95 x 10°) t 


where t is the maximum allowable transmit 
time in seconds. 


The resistance R1, together with capacitor 
C1, set the transmit frequencies. The logic 
high frequency is fixed at about 1.67 times 
the logic low frequency, meaning that the 
logic low frequency is 0.75 times the center 
frequency f,, and the logic high frequency is 
1.25 times the center frequency. Note that 
this center frequency is never transmitted in 
normal operation and is sometimes referred 
to as the “carrier frequency.” 


C1 is chosen by the relationship for f, at or 
below 7MHz: 


6.5 x 10“ 
fc 


Above 7MHz center frequency, this capacitor 
is found by modifying this equation to: 


5.5 x 10% 
fe 


To get the characteristics that are needed for 
proper operation of the NE5081, it is im- 


Ci = 


C1 = 


portant to keep the proper relationship 
between L1 and C7: 


1 
7885 t, 


Capacitor values of the filter are dependent 
upon operating frequencies to maintain 
proper characteristics: 


: 10° 
C8 = 9.0 x 10 
fy 

4.1 x 10° 

C9 = 41x 10% 
fe 

1.2 x 10° 

C10 = Ne RN 
{. 

-4 

C12 = 5x10 


fy 
Coupling capacitor values also depend upon 
center frequency: 


2.5 x 10-2 
c4=-Ci3= —-— 
Cc 
In all of the above equations, capacitances 
are in Farads, inductances in Henrys, and 
frequencies in Hertz. 
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SOME COMMON BAUD RATES 

Although intended to be used with a center 
frequency of 5MHz, the NE5080 and 
NE5081 can be used at other center fre- 
quencies. Table 2 gives minimum center fre- 
quency (f,) for some common baud rates, 
together with external component values for 
those center frequencies. Note that it is not 
recommended that these devices be oper- 
ated at center frequencies below 50kHz. 


USING THE NE5080/NE5081 
WITH A FIBER OPTIC LINK 


The NE5080/NES5081 chip set is highly suit- 

able for use in low cost fiber-optic links. 

There are many advantages to fiber links 

over open wire or coaxial cable links. These 

advantages include: 
1. Cost savings in conductor weight and 
size. 

2. Immunity to EMI/RFI. 

3. Low crosstalk. 

4. High communications security; cannot 
be tapped by electromagnetic induction 
or surface conduction. 

. Fiber-optic cable does not radiate elec- 
tromagnetic energy nor disturb other 
communications media. 

6. Extremely wide bandwidth (high chan- 

nel per conductor density). 

7. Low attenuation. 

. No ground loops or shifts caused by 
common grounds. 


on 


oO 


9. Complete electrical isolation between 
transmitter and receiver. 

10. Cable breaks cause no shorts, making 
this technology useful in hazardous 
environments, e.g., explosive chemical 
facilities. 

11. No damage to equipment is expected 
due to current surges on adjacent lines. 

12. Fiber cable does not act as an antennato 
pick up high electromagnetic pulses 
such as those caused by electrical 
storms. 

13. Low BER (Bit Error Rate). 


The circuit of Figure 11 shows a simplex fiber 
link between the NE5080 transmitter 
and the NE5081 receiver. The components 
shown are for a center frequency of 5MHz, 
although this frequency can be increased to 
20MHz with proper selection of external 
component values. The NE5539 has a 
350MHz unity gain bandwidth which may 
limit maximum operating frequencies in 
some systems. 


Since the NE5081 can adequately accept 
signals below 10 mV at 5MHz carrier, the 
gain stage (within the dashed lines of Figure 
11) may be eliminated if the attenuation in 
the link is low. If the gain stage is used, be 
mindful of the bandwidth trade-off at higher 
gains. Refer to the NE5539 data sheet for 
details. 


Table 2. RECOMMENDED MINIMUM CENTER FREQUENCY AND 
COMPONENT VALUES FOR VARIOUS BAUD RATES. 


BAUD 
~ RATE 
(KBaud) | 


8-178 


The transmitter and receiver are set up as 
described under FSK MODEM SET-UP 
PROCEDURE above. 


LAYOUT PRECAUTIONS 

As is the case with any components using 
high frequencies, good layout practice is 
essential; poor layout can adversely affect 
performance. All lead lengths should be as 
short as is practical for all lines which carry 
R-F, including the tuning capacitor and 
resistors (C1, R1, R2) of the NE5080. Lead 
length is especially critical with C1, which 
should be mounted as close to the NE5080 as 
is possible. A printed circuit board with a good 
ground plane, both top and bottom, is also 
recommended (wire-wrap is NOT recom- 
mended). The ground plane should extend 
below tuning capacitor C1 on both top and 
bottom of the board, with no other trace 
coming between the leads of this capacitor. 


Because of the high speed switching, pin 9 
(Voce) of the NE5081 can exhibit a large 
current swing, causing vertical output jitter 
which may be eliminated by decoupling pin 9 
with a small (10H) R-F choke and a 0.05uF 
capacitor. 


See Figure 12 for an example of a working lay- 
out. 
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TRANSMIT 
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Figure 11. Simplex Fiber Optic System 
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Note: See NE5080 and NE5081 Block Diagram(s). 
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Figure 12. Components and Layout Used for Evaluation Board 
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INTRODUCTION 


The operational amplifier was first intro- 
duced in the early 1940’s. Primary usage of 
these vacuum tube forerunners of the ideal 
gain block was in computational circuits. 
They were fed back in such a way as to 
accomplish addition, subtraction, and other 
mathematical functions. 


Expensive and extremely bulky, the opera- 
tional amplifier found limited use until new 
technology brought about the integrated 
version, solving both size and cost draw- 
backs. 


Volumes upon volumes have been and 
could be written on the subject of op amps. 
in the interest of brevity this chapter will 
cover the basic op amp as itis defined along 
with test methods and suggestive applica- 
tions. Also, included is a basic coverage of 
the feedback theory from which all configu- 
rations can be analyzed. 


THE PERFECT AMPLIFIER 

The ideal operational amplifier possesses 
several unique characteristics. Since the 
device will be used as a gain block, the ideal 
amplifier should have infinite gain. By defini- 
tion also, the gain block should have an infi- 
nite input impedance in order not to draw any 
power from the driving source. Additionally, 
the output impedance would be zero in order 
to supply infinite current to the load being 
driven. These idea! definitions are illustrated 
by the ideal amplifier model of Figure 1. 


Figure 1 


Further desirable attributes would include 
infinite bandwidth, zero offset voltage, and 
compiete insensitivity to temperature, pow- 
er supply variations, and common mode 
input signals. 


Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flowing at 
the amplifier input nodes. In addition, when 
feedback is employed the differential input 
voltage reduces to zero. These two state- 
ments are used universally as beginning 
points for any network analysis and will be 
explored in detail later on. 


THE PRACTICAL AMPLIFIER 


Tremendous strides have been made by 
modern technology with respect to the ideal 
amplifier. Integrated circuits are coming 
closer and closer to the ideal gain block. 
Input bias currents for instance are in the 
pA range for FET input amplifiers while 
offset voltages have been reduced to less 
than imV in many cases, in Bipolar devices. 


Any device has limitations however, and the 
integrated circuit is no exception. Modern 
op amps have both voltage and current 
limitations. Peak to peak output voltage, for 
instance, is generally limited to one or two 
base-emitter voltage drops below the sup- 
ply voltage while output current is internally 
limited to approximately 25mA. Other 
limitations such as bandwidth and slew 
rates are also present, although each 
generation of devices improves over the 
previous one. 


DEFINITION OF TERMS 


Earlier the ideal operational amplifier was 
defined. No circuit is ideal of course so 
practical realizations contain some sources 
of error. Most sources of error are very small 
and therefore can usually be ignored. It 
should be noted that some applications 
require special attention to specific sources 
of error. 


Before the internal circuitry of the op amp is 
further explored it would be beneficial to 
define those parameters commonly refer- 
enced. 


INPUT OFFSET VOLTAGE 


Ideal amplifiers produce 0 voits out for 0 volts 
input. But, since the practical case is not per- 
fect, there will appear a small dc voltage at 
the output even though no differential voltage 
is applied. This dc voltage is called the input 
offset voltage, with the majority of its magni- 
tude being generated by the differential input 
stage pictured in Figure 2. 


An operational amplifier’s performance is in 
large part dependent upon the first stage. It 
is the very high gain of the first stage that 
amplifies small signal levels to drive remain- 
ing circuitry. Coincidentally, the input 
current, a function of beta, must be as small 
as possible. Collector current levels are thus 
made very low in the input stage in order to 
gain tow bias currents. It is this input stage 
also which determines dc parameters such 
as offset voltage since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions the collector currents of Q1 and 
Q2 are perfectly matched, hence we may 
say: 


DIFFERENTIAL INPUT STAGE 


Figure 2 


Eos = IcaRi - IciRi = 0 (1) 


In practice small differences in geometries 
of the base emitter regions of Q1 and Q2 will 
cause Eos not to equal 0. Thus, for balance 
to be restored a small dc voltage must be 
added to one Vee or 


Vos = Vee - VeE2 (2) 
where the Vge of the transistor is found by 
Vee =< In (= (3) 

q Is 


Reference is made to the input when talking 
of offset voltage. Thus, the classic definition 
of input offset voitage is ‘that differential dc 
voltage required between inputs of an 
amplifier to force its output to zero volts.’ 


Offset voltage becomes a very useful 
quantity for the designer because many 
other sources of error can be expressed in 
terms of Vos. For instance, the error 
contribution of input bias current can be 
expressed as offset voltages appearing 
across the input resistors. 


INPUT OFFSET VOLTAGE DRIFT 


Another related parameter to offset voltage 
is Vos drift with temperature. Present day 
amplifiers usually possess Vos drift levels in 
the range of 5uV to 40uV per degree C. The 
magnitude of Vos drift is directly related to 
the initial offset voltage at room tempera- 
ture. Amplifiers exhibiting larger initial 
offset voltages will also possess higher drift 
rates with temperature. A rule of thumb 
often applied is that the drift per degree C 
will be 3.3uV for each millivolt of initial 
offset. Thus, for tighter control of thermal 
drift, a low offset amplifier would be se- 
lected. 
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INPUT BIAS CURRENT 


Figure 3 


INPUT BIAS CURRENT 

Again referring to Figure 3-2, it is apparent 
that the input pins of this op amp are base 
inputs. They must, therefore, possess a dc 
current path to ground in order forthe input 
to function. Input bias current, then is ‘the 
de current required by the inputs of the 
amplifier to properly drive the first stage.’ 


The magnitude of Ibias is calculated as the 
average of both currents flowing into the 
inputs and is calculated from 


lp= l1+!2 (4) 
2 


Bias current requirements are made as 
small as possible by using high beta input 
transistors and very low collector currents 
in the first stage. The trade-off for bias 
current is lower stage gain due to low 
collector current levels and lower slew 
rates. The effect upon slew rate is covered 
in detail under the compensation section. 


INPUT OFFSET CURRENT 


The ideal case of the differential amplifier 
and its associated bias current does not 
possess an input offset current. Circuit 
realizations always have a small difference 
in bias currents from one input to the other, 
however. This difference is called the input 
offset current. Actual magnitudes of offset 
Current are usually at least an order of 
magnitude below the bias current. For many 
applications this offset may be ignored but 
very high gain, high input impedance 
amplifiers should possess as little los as 
possible because the difference in currents 
flowing across large impedances develops 
substantial offset voltages. Output voltage 
offset due to los can be calculated by 


Vout = AcillosRs) (5) 


Hence, high gain and high input imped- 
ances magnify directly to the output, the 
error created by offset current. Circuits 
capable of nulling the input voltage and 
current errors are available and will be 
covered fater in this chapter. 


INPUT OFFSET CURRENT 
DRIFT 


Of considerable importance is the temper- 
ature coefficient of input offset current. 
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Even though the effects of offset are nulled 
at room temperature, the output will drift 
due to changes in offset current over 
temperature. Many popular models now 
include a typical specification for los drift 
with values ranging in the .5nA per degree 
C area. Obviously those applications requir- 
ing low input offset currents also require 
low drift with temperature. 


INPUT IMPEDANCE 


Differential and common mode impedances 
looking into the input are often specified for 
integrated op amps. The differential imped- 
ance is the total resistance looking from one 
input to the other while common mode is the 
common impedance as measured to 
ground. Differential impedances are calcu- 
lated by measuring the change of bias 
current caused by a change in the input voit- 
age. 


COMMON MODE RANGE 


Allinput structures have limitations as to the 
range of voltages over which they will 
operate properly. This range of voltages 
impressed upon both inputs which will not 
cause the output to misbehave is called the 
common mode range. Most amplifiers 
possess common mode ranges of +12 volts 
with supplies of +15 volts. 


COMMON MODE REJECTION 
RATIO 


The ideal operational amplifier should have 
no gain for an input signal common to both 
inputs. Practical amplifiers do have some 
gain to common mode signals. The classic 
definition for common mode rejection ratio of 


an amplifier is the ratio the differential signal | 


gain to the common mode signal gain 

expressed in dB as shown in equation 6a. 
CMRRIGB) = 20 log 20/2! (6a) 

€0/e@cm 

The measurement CMRR as in 3-6a requires 

2 sets of measurements. However, note that 

if @9 in equation 3-6a is held constant, 

CMRR becomes: 


CMRR(dB) = 20 log = (6b) 
i 


A new alternate definition of CMRR based 
on 3-6b is the ratio of the change of input 


EFFECTS OF CMRR ON 
VOLTAGE FOLLOWER 


Figure 4 


offset voltage to the input common mode 
voltage change producing it. 


Figure 4 illustrates the application of the 
equivalent common mode error generator to 
the voltage follower circuit. The gain of the 
voltage follower with error contributions 
caused by both finite gain and finite common 
mode rejection ratio is shown in equation 7. 


So 1+ 1/CMRR 
—-- (7) 
Bin 1+ 1/A 
where A equals open loop gain and is fre- 
quency dependent. 


AC PARAMETERS 


Parameter definition has up to this point, 
been dealing primarily with dc quantities of 
voltages, Currents, etc. Several important ac 
or frequency dependent parameters will 
now be discussed. 


An ideal gain block was defined earlier as 
one which would provide infinite gain and 
bandwidth. Real circuits approximate infi- 
nite open loop gain with low frequency 
gains in excess of 100dB. The very high 
gains achieved with present designs are 
possible only by cascading stages. Al- 
though providing very high open loop gain 
the cascading of stages results in the need 
for frequency compensation in closed loop 
configurations and reduces the open loop. 


LARGE SIGNAL BANDWIDTH 


The large signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with in- 
creasing frequency. At some frequency the 
output will become slew rate limited and the 
output will begin to degrade. This point is 
defined by 
Slew Rat 

PL = mae (8) 
where Fp, is the upper power bandwidth 
frequency and Eout is the peak output swing 
of the amplifier. 


SLEW RATE 


The maximum rate of change of the output 
in response to a step input signal is termed 
slew rate. Deviation from the ideal is caused 
by the limitation in frequency response of 
the amplifier stages and the phase compen- 
sation technique used. Summing node and 
amplifier output capacitances must be kept 
to a minimum to guarantee getting the 
maximum slew rate of the operational 
amplifier. Circuit board layout must also be 
of high frequency quality. Power supplies 
should be adequately bypassed at the pins, 
with both low and high frequency compo- 
nents to avoid possible ringing. A selection 
of a proper capacitor in paralle! with the 
feedback resistor may be necessary. Too 
small a value could result in excessive 
ringing and too large a value will decrease 
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frequency response. In general, the worst 
case slew rate is in the unity gain non- 
inverting mode (see Figure 5a). Specifica- 
tions of slew rate should always reflect this 
worst case condition with the maximum 
required compensation network. 


AMPLIFIER SLEW RATE 
LIMITATIONS 


Figure 5a 


Figure 5b 


FREQUENCY RESPONSE 


Distributed capacitances and transit times in 
semiconductors cause an upper frequency 
limit or pole for each and every gain stage. 
Monolithic pnp transistors used for level shift- 
ing possess poor upper frequency character- 
istics and cascaded gain stages, used to 
approach the highest gain, subtract from the 
maximum frequency response. As shown in 
Figure 6 the open loop frequency response of 
the op amps shown crosses unity gain at 
approximately 10MHz. Closed loop response 
is unstable without compensation, however, 
so typical unity gain frequencies are read- 
justed by the effects of phase compensation, 
in this case 1MHz. 


From Figure 6 it is also apparent that an 
amplifier has a trade off between gain and 
bandwidth. Higher gains are achieved at the 
expense of bandwidth. This trade off is a con- 
stant figure called the gain bandwidth 
product. 


TEST METHODS 


Product testing of integrated circuits uses 


OPEN LOOP VOLTAGE GAIN AS 
A FUNCTION OF FREQUENCY 


VOLTAGE GAIN-d8 


FREQUENCY -— Hz 


Figure 6 


automatic test equipment. Large computer 
controlled test decks test all data sheet 
limits in a matter of milliseconds. Each 
parameter is tested in a specific circuit 
configuration defined by the test hardware. 


A typical simplified op amp test configuration 
is depicted by Figure 9. Units may be classed 


CIRCUIT DIAGRAM USED FOR 
AVERAGE BIAS CURRENT 
MEASUREMENT 


Ro 
50K 


O 
-Vcc 


in several categories according to selected 
parameters. Even failures may be classified 
categorically depending upon their mode of 
failure. 


Figures 7, 8, 10 and 11 illustrate the general 
test set-ups commonly used to measure 
CMRR, average bias current, offset voltage 
and current, and open loop gain, respectively. 
In general, the following parameters are 
tested under the following conditions. 


COMMON MODE REJECTION 


The test set-up for CMRR is given in Figure 7. 
Resistor values are chosen to provide suffi- 
cient sensitivity and accuracy for the device 
type being tested and the voltage measuring 
equipment being used. 


The positive common mode input voltage 
within the range Vcm1 is algebraically sub- 
tracted from all supply voltages and from 
Vo. Then Vi; is measured (V11). The most 
negative common mode voltage within the 
range, Vcme2, is then subtracted from all the 
supply voltages and Vo, and V; is again 
measured (V9). 

Then 

CMRR = (Rt + R2)/R1|(Vomi- Vcme2)/Vi1-Vi412 


(9) 


CIRCUIT DIAGRAM USED 
FOR CMRR MEASUREMENT 


Vo =OV 


All resistor values are in ohms. 


Figure 7 


Ov) 
MEASURED 
FUNCTION 

lp AVG. = % (14 + Ino? 

SAMPLE & HOLD 


1. SWITCH IS THROWN AT POSITICN 1 
2. SWITCH IS THROWN AT POSITION 2 


All resistor values are in ohms. 


Figure 8 
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A TYPICAL OP AMP TEST CIRCUIT 
(SIMPLIFIED) 


5K,A=50 
10K, A= 100 
O 
20K, A = 200 
O 


50K, A = 500 


ie MATRIX 7 
(P3) (P4) (5) (Pe) (P2) (0) | 
acl 


| 
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SOCKET 
ADAPTER GAIN = 60 
O 
| 5) DIFFERENCE 
~ 4000 VOLTMETER 
\ O 
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OSCILLATION DETECTOR © osc 


| 
| +v. 
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200 
P00 OlOPEN) 
OG 


Ri Ri 
PRIMARY SECONDARY 


NOMINAL VOLTAGE 
SELECTION: 
+Vg PRIMARY w3 


-Vg PRIMARY 


-Vg SECONDARY 


(OPEN) 


Vo SECONDARY 
1000 


Figure 9 


CIRCUIT DIAGRAM USED FOR OFFSET CIRCUIT DIAGRAM USED FOR 
VOLTAGE AND OFFSET CURRENT LARGE-SIGNAL OPEN LOOP GAIN 


MEASUREMENT 
sox 


SAMPLE & HOLD 


MEASURED 
FUNCTION 


RS = 1000: SWITCH AT POSITION 1 

RS = 10KQ SWITCH AT POSITION 2 
wohl 

Vos Ry + Rp (Vi) 


Vos @ 10K - Vos @ 1009 
los“ 70K 


All resistor values are in ohms. All resistor values are in ohms 


Figure 10 Figure 11 
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This operation !s equivalent to swinging 
both inputs over the full common mode 
range, and holding the output voitage 
constant, but it makes the V; measurement 
much simpler. 


BIAS CURRENT 


Blas current is measured in the configuration 
of Figure 8. 


With switches at position 1 and Vo = 0 volts, 
measure Vi1. Move switches to position 2 
and again measure Viz. Calculate Ipias 
(average), by 


It= At (Y1) (108) 
Ri+R2 \Ra 
me re - ea (= *) (10b) 
IBIAS (avg) goa - Ai Vi-Vie2 
2 Ri+R2 23 
(10¢) 
OFFSET VOLTAGE 


Figure 10 is used for both offset voltage and 
current. With V, at 0 valts and the switches 
selecting the source impedance of 100 ohms, 
the offset voltage is measured at V, and is 
equal to 


tices R1V; 
oe AT + RO 


OFFSET CURRENT 

Offset current ls measured by calculation of 
offset voltage change with a change in 
source Impedance. With switches in posi- 
tlon 1, measure Vi2. Calculate the contribu- 
tion of log by 


Via-V4 
R3 


(11) 


(12) 


los = 


SIGNAL GAIN 


The signal gain of operational amplifiers is 
most commonly specified for the full output 
swing. 


This is referred to as large signal voltage gain 
and can be measured by the circult of Figure 
11. Usually specified under a specific load 
determined by R_, a signal equal to the maxi- 
mum swing of the output voltage is applied to 
V, in both positive and negative directions. V,, 
and Vio are measured values of V, and and V, 
= maximum positive and maximum negative 
signals respectively. The gain of the device 
under test then becomes 


w= (2 =F) (2 Vo1 - Voe ) 
Vir = Vie 


SLEW RATE 


Many other parameters are checked auto- 
matically by similar means. Only the most 


(13) 


important ones have been covered here. Of 
great interest to the designer are other 
parameters which do not necessarily carry 
minimum or maximum limits. One such 
parameter is slew rate. The configuration 
used to measure slew rate depends upon 
the intended application. Worst case condl- 
tlons arise in the unity gain non-inverting 
mode. 


MEASURING SLEW RATE 


FROM PULSE 
soy GENERATOR TO 
v OSCILLOSCOPE 


Figure 12a 


Figure 12b 


Figure 12 shows a typical bench set up for 
measuring the response of the output to a 
step input. The Input step frequency should 
be of a frequency low enough for the output of 
the op amp to have sufficlent time to slew 
frorn limit ta limit. in addition, V,, must be less 
than absolute maximum Input voltage and the 
wave form should have good rise and fall 
times. The slew rate Is then calculated from 
the slope of the output voltage versus time or 


sR= 4Vout jp volts/ us 
AT 


OP AMP CURVE TRACER 


Two of the most important parameters of 
linear integrated circults having differential 
inputs are voltage gain and input offset 
voltage. These parameters may be read 
directly from a plot of the transfer character- 
istic of the device. This memo will describea 
very simple curve tracer which, when used 
with an oscilloscope, will display the 
transfer characteristic of most Signetics 
linear devices. 


(14) 


Figure 13 shows the transfer characteristics 
of a typical linear device, the Signetics 
NE531, Note that the unit saturates at appro- 
ximately +12 and - 12 volts and exhibits a 
linear transfer characteristic between — 10 


and + 10 volts. 


From the slope of this linear portion of the 
transfer characteristic, and from the point 


TRANSFER CURVE OF 531 


Figure 13a 


Egut (VOLTS) 
18 


12 


EIN 
4 (MILLIVOLTS) 


VOS = 1 mV 


ayo 22%, «50x 


Figure 135 


and +10 volts where it crosses the Ejn axis, 
the voltage gain and offset voltage may be 
determined. It can be seen that the voltage 
gain of the device under test, (D.U.T.), is 
50,000 and Its !nput offset voitage is 1.0mV. 


A simple circult to display the curves of Figure 
13 on an oscilloscope is shown in Figure 14.A 
60Hz, 44Vp-p sinewave |s applied to tne hori- 
zontal input of oscilloscope and an attenu- 
ated version of the sinewave is applied to the 
input of the D.U.T. 


The output of the D.U.T. drives the vertical! 
input of the scope. For providing V+and V- 
to the D.U.T., the tester uses two simpie 
adjustable regulators, both current limited 
at 25mA. Input drive to the D.U.T. may be 
selected by means of S-2 as shown. 


Jo use the curve tracer, first preset the V+ 
and V - supplies with an accurate meter. The 
supply voltages are somewhat dependent on 
ac line regulation and shouid be checked 
periodically. The horizontal gain of the scope 
may be set to give a convenient readout of the 
peak-to-peak D.U.T. input signal correspond- 
ing to the setting of S-2. As sore devices 
have two outputs, a second output line (verti- 
cal 2) has been provided for these devices. 
The transfer function of such devices will be 
inverted to that of Figure 13 of course. 
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npn = 2N3083 
pnp = 2N4037 


CURVE TRACER SCHEMATIC 


10K 
47/20 | 47/20 
10K 
V- 
ADJUST 
\J 
1N2070 AV V 


Simplicity and low cost are the two major 
attributes of this tester. it is not intended to 
perform highly rigorous tests for all devices. 
It is, however, a reasonably accurate means 
of determining the gains and offset voltages 
of most amplifiers. it will In addition, 
indicate the transfer curves of comparators 
and sense amplifiers with equivalent accu- 
racies. 


AMPLIFIER DESIGN 


Linear operational amplifier IC’s were 
introduced soon after the appearance of the 
first digital integrated circuits. The perform- 
ance of these early devices, however, left 
much to be desired until the introduction of 
the 709 device. Even with its lack of short 
circuit protection and its complicated 
compensation requirements, the 709 gained 
real acceptance for the IC op amp. The 709 
was designed using a three stage approach 
requiring both input and output stage com- 
pensation. In addition the output stage was 
not short circuit proof and the input stage 
latched up under certain conditions, requir- 
ing external protection. 
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Figure 14 


Much better designs soon were introduced. 
Among the contenders were the 741, 748, 101, 
and 107 devices. Ail were general purpose 
devices with single capacitor compensation, 
(some were internally compensated), and all 
heralded input and output overstress protec- 
tion. The basic design has two gain stages. 
By rolling off the frequency response of one 
of these (the second stage), so that the overall 
gain is unity at a frequency below the point 
where excess phase becomes significant, the 
device can be stabilized for all feedback con- 
figurations. Further, by making the first stage 
a voltage to current converter, with a small g,, 
and the second stage a current to voltage 
converter with a high r,,, the second stage 
can be rolled off at 6dB octave with a small 
value capacitor in the order of 30pF, which 
can then be built into the device itself. This 
concept is shown in Figure 15. 


The frequency and phase response of the 
pnp devices in the first stage dictate a roll off 
in the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 
feedback configuration, this implies an 
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SCOPE 
VERTICAL 


BASIC TWO STAGE OP 
AMP DESIGN 


Figure 15 


open loop gain of unity at this frequency. 
The capacitor Ce. controls this parameter by 
looking much smaller than rm at frequencies 
above a few cycles, giving a clean 6dB/oc- 
tave roll off over 5 decades. 


The overall gain at frequencies where the 
impedance of C-. dominates rm is given by 


Qls1 1 (15) 


Avia) = —— e 
4KT Ce 
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Substituting the value given, we find that a 
capacitance of C, = 30pF gives a unity gain 
frequency of about 1.0MHz. 


First stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must 
charge and discharge the C¢ by the expres- 
sion 


(16) 


where Ics is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first stage 
collector current. This would, however, 
reflect directly upon the bias current by 
increasing it. 


Two serious limitations, then, of these 
devices for diverse applications are input 
bias current and slew rate. Both may be 


overcome with small changes of the input 
structure to yield higher performance 
devices. 


Reducing the input bias current becomes a 
matter of raising the transistor beta of the 
first stage. Several current designs boasting 
very low input currents use what is termed 
super beta input devices. These transistors 
have betas of 1,500 to 7,000. Bias currents 
under 2nA can be achieved in this way. Even 
though the Byceo of such transistors can be 
as low as 1 voit, the lower breakdowns are 
accounted for in the input stage by rear- 
ranging the bias technique. Bandwidths and 
slew rates suffer only slightly as a result of 
the lower current levels. 


The second limitation of 741 devices is slew 
rate. As previously mentioned, the rate of 
change is dictated by the compensation 
Capacitance as charged by the large signal 
current of the first stage. By altering the large 


INPUT STRUCTURE OF 531 


Onge'o, YIN __ 
Cy” IRy + Aa) 


Figure 18 


signal gm of the first stage as depicted by Fig- 
ure 18, the slew rate can be dramatically 
increased. . 


The additional current supplied during large 
signal swings by current source |, causes the 
first stage transfer function to change as 
shown in Figure 19. The compensation 
Capacitor is returned to the output of the 
NE531 structure because the output driving 
source must be capable of supplying the 
increased current to charge the capacitor. 


Large signal bandwidths with this input 
structure will be essentially the same as the 
small signal response. Full bandwidth 
possibilities of this configuration are still 
limited by the beta and ft of the lateral pnp 
devices used for collector loads in the first 
stage. Even so, the slew rate of the NE531 
and NE538 is a factor of 40 better than 
general purpose devices. 


VOLTAGE/CURRENT CURVES OF 
FIRST STAGE 


Figure 19 
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Earlier, the ideal op amp was defined. The 
ideal parameters are never fully realized but 
they present a very convenient method for the 


preliminary analysis of circuitry. So important 


are these ideal definitions that they are 
repeated here. The ideal amplifier possesses. 


1. Infinite gain 

2. Infinite input impedance 
3. Infinite bandwidth 

4. Zero output impedance 


From these definitions two important theo- 
rems are developed: 


1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied the 
differential input voltage is reduced to 
zero. 


Keeping these rules in mind, the basic 
concept of feedback can be explored. 


VOLTAGE FOLLOWER 


Perhaps the most often used and simplest cir- 
cuit is that of a voltage follower. The circuit of 
Figure 1 illustrates the simplicity. 


VOLTAGE FOLLOWER 


EouTt = Es 


Figure 1 


Applying the zero differential input theorem 
the voltages of pins 2 and 3 are equal and 
since pins 2 and 6 are tied together, their 
voltage is equal; hence, Eout = Ein. Trivial to 
analyze, the circuit nevertheless does 
illustrate the power of the zero differential 
voltage theorem. Because the input imped- 
ance is multiplied and the output imped- 
ance divided by the loop gain the voltage 
follower is extremely useful for buffering 
voltage sources and for impedance trans- 
formation. 


The basic configuration in Figure 1 has a gain 
of 1 with extremely high input impedance. 
Setting the feedback resistor equal to the 
source impedance will cancel the effects of 
bias current if desired. 
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However, for most applications a direct 
connection from output to input will suffice. 
Errors arise from offset voltage, common 
mode rejection ratio and gain. The circuit 
can be used with any op amp with the 
required unity gain compensation, if it is 
required. 


NON-INVERTING AMPLIFIER 


Only slightly more complicated is the non- 
inverting amplifier of Figure 2. 


NON-INVERTING AMPLIFIER 


Rini| Re 


Figure 2 


The voltage appearing at the inverting input 
is defined by 


Eout ® Rin 
Re + Rin 


E2 = (1a) 


Since the differential voltage is zero, Ea2=Es, 
and the output voltage becomes 


.R 
Eout = Es ( + aus 
Rin 


(1b) 


It should be noted that as long as the gain of 
the closed loop is small compared to open 
loop gain, the output will be accurate, butas 
the closed loop gain approaches the open 
loop value more error will be introduced. 


The signal source is shown in Figure 2 in 
series with a resistor equal in size to the para- 
lel combination of R;, and Re This is desir- 
able because the voltage drops due to bias 
currents to the inputs are equal and cancel 
out even over temperature. Thus overall per- 
formance is much improved. 


The amplifier does not phase invert and 
possesses high input impedance. Again the 
impedances of the two inputs should be 
equal to reduce offsets due to bias currents. 


INVERTING AMPLIFIER 


By slightly rearranging the circuit of Figure 2, 
the non-inverting amplifier is changed to an 
inverting amplifier. The circuit gain is found by 
applying both theorems; hence, the voltage at 
the inverting input is O and no current flows 
into the input. Thus the following relation- 
ships hold. 


Es + Fo 29 (2a) 
Rin Re. 
Solving for the output E> 
E,=-E, AF (2b) 
Rin 


INVERTING AMPLIFIER 


R= Ril le 


Figure 3 


As opposed to the non-inverting circuits the 
input impedance of the inverting amplifier is 
not infinite but becomes essentially equal to 
Rin. This circuit has found widespread 
acceptance because of the ease with which 
input impedance and gain can be controlled 
to advantage, as in the case of the summing 
amplifier. 


With the inverting amplifier of Figure 3 the 
gain can be set to any desired value defined 
by R divided by Ry. Input impedance is 
defined by the value or Rix and R should 
equal the parallel combination or Rj, and R to 
cancel the effect of bias current. Offset vol- 
tage, offset current, and gain contribute most 
of the errors. The ground may be set any- 
where within the common mode range and 
any op amp will provide satisfactory 
response. 


CURRENT TO VOLTAGE 
CONVERTER 


The transfer function of the current to volt- 
age converter is 


Vout = InR1 (3) 


Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. 
The current flowing into the input must be 
the same as that flowing across R1, hence, 
the output voltage is the IR drop of R1. 


Limitations, of course, are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common mode range. 
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DIFFERENTIAL AMPLIFIER 


This circuit of Figure 5 has a gain with respect 
to differential signals of R2/R1. 


The common mode rejection is dominated 
by the accuracy of the resistors. Other 
errors arise from the offset voltage, input 
offset current, gain and common mode 
rejection. The circuit can be used with any 
op amp discussed in this chapter with the 
proper compensation. 


SUMMING AMPLIFIER 


The summing amplifier is a variation of the 
inverting amplifier. The output is the sum of 
the input voltages, each being weighed by— 
Re/Riy. 


The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 
to the parallel combination of Re and all the 
input resistors. 


CURRENT TO VOLTAGE 
CONVERTER 


R1 


VouT * lin R1 


Figure 4 


INTEGRATOR 


Integration can be performed with a varia- 
tion of the inverting amplifier by replacing 
the feedback resistor with a capacitance. 
The transfer function is defined by 


t 
1 4) 
V =-— f Vine at ( 
OUT RC In & 


The gain of the circuit falls at 64B per octave 
over the range in which strays and leakages 
are small. 


Since the gain at dc is very high a method for 
resetting initial conditions is necessary. 
Switch S1 removes the charge on the ca- 
pacitor. A relay or FET may be used in the 
practical circuit. Bias and offset currents 
and offset voltage of the switch should be 
low in such an application. 


INTEGRATOR 
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Figure 5 
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DIFFERENTIATOR 


The differentiator of Figure 8 is another varia- 
tion of the inverting amplifier. The gain 
Increase at 6dB per octave until It Intersects 
the amplifier open loop gain, then decreases 
because of the amplifier bandwidth. This 
characteristic can lead to Instability and high 
frequency noise sensitivity. 


DIFFERENTIATOR 


R41 


Figure 8 


A more practical circuit is shown in Figure 9. 
The gain has been reduced by R3 and the 
high frequency gain reduced by C2 allowing 
better phase control and less high frequency 
noise. Compensation should be for unity 
gain. 


PRACTICAL DIFFERENTIATOR 


Figure 9 


COMPENSATION 


Present day operational amplifiers are com- 
prised of multiple stages, each of which has a 
3dB point or pole associated with it. Referring 
to Figure 10, the 3dB break points of a two 
stage amplifier are approximated by the Bode 
plot. 

As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360°. A steady 180° phase shift is developed 
by the amplifier from output to inverting 
input. In addition the sum of all additional 
shifts due to amplifier poles or feedback 
component poles will cause the necessary 
additional 180° to sustain oscillation if the 
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FREQUENCY COMPENSATION 


TYPICAL 
UNCOMPENSATED 
ONSE 


FREQUENCY (Hz) 


Figure 10 


gain of the amplifier is greater than one for 
the frequency at which the 180° phase shift 
is reached. By adding poles and zeros to the 
amplifier response externally, the phase 
shift can be controlled to insure stability. 


Many op amps now include internal com- 
pensation. These are single capacitors of 
30pF typically and the amplifier will remain 
stable for all gains. However, since they are 
unconditionally stable, the compensation is 
larger than required for most applications. 
The resultant loss of bandwidth and slew 
rate may be acceptable in the general case 
but selection of an externally compensated 
device can add a great deal to the amplifier 
response if the compensation is handled 
properly. 


In order to fully develop the point at which 
instability occurs a fuller understanding of 
phase response is necessary. 


The diagram of Figure 11 depicts the phase 
shift of a single pole. Note that at the pole 
position the phase shift is 45° and that phase 
shift becomes 0° for a decade below the pole 
adn —90° for a decade above the pole loca- 
tion. This is a Bode approximation which pos- 
sesses a 5.7° error at 0° and 90° but this 
error is usually considered small enough to 
be ignored. The single pole produces a maxi- 
mum of 90° phase shift and also produces a 
frequency roll off of 20dB per decade. The 
addition of the second pole of Figure 12 pro- 
duces an additional 90° phase shift and 
increases the role off slope to -—40dB per 
decade. 


At this point phase shift could exceed 180° 
because unity gain is reached causing stabil- 
ity. For gain levels equal to A1 or 1/6, the 
phase shift is only 90° and the amplifier is 
stable. However, the gain of A2 the phase shift 
is 180° and the loop is unstable. Gains in 
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Figure 12 


between A1 and A2 are marginally stable. | 
However, as shown in Figure 13 the phase 
shift as it approaches 180° causes increasing 
frequency peaking and overshoot until sus- 
tained oscillations occur. 


FREQUENCY PEAKING DUE TO 
INSUFFICIENT PHASE MARGIN 


‘A: (4B) 


LOOP GAIN OPEN LOOP 


Figure 13 


It is generally accepted in the interest of 
minimized frequency peaking to limit the 
phase shift of the amplifier to 135° ora 
phase margin of 45°. At this margin the sec- 
ond order response of the system is crit- 
ically damped and oscillation is prevented. 


Referring to Figure 14, the required com- 
pensation can be determined. Given the open 
loop response of the amplifier, the desired 
gain is plotted until it intercepts the open loop 
Curve as shown. 


FREQUENCY COMPENSATION 


TYPICAL 
UNCOMPENSATED RESPONSE 
~, 
[-—TXRSR 
SP NSE ae 
vw 
70 COMPENSATED AMP 


RESPONSE (FIXED) NC ee 
PTT NAN 


TYPICAL EXTERNALLY 
COMPENSATED RESPONSE 
(CAN BE TAILORED TO MEET 
SPECIFIC REQUIREMENTS) 


FREQUENCY (He) 


Figure 14 


The phase shift for minimum peaking is 135°. 
Remembering that phase shift is 45° at the 
frequency pole the example of Figure 14 will 
be unstable at gains less than 20dB where 
phase shift exceeds 180°, and will possess 
excessive overshoot and ringing at gains less 
than 60dB where phase shift exceeds 135°. 
Thus, the desired compensation will move the 
second pole of the amplifier out in frequency 
until the closed loop gain intersects the open 
loop response before the second break of the 
amplifier occurs. Selecting only enough com- 
pensation to do the job assures the maximum 
bandwidths and slew rates of the amplifier. 
Additional in-depth information on compensa- 
tion can be found in the reference material. 
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FEED FORWARD 
COMPENSATION 


External compensation has been shown to 
improve amplifier bandwidth over internal 
compensation in the preceding section. 
Additional bandwidth can be realized if feed 
forward compensation is used. Bandwidth 
is limited in monolithic design by the poor 
frequency response of the pnp level shifters 
of the first stage. 


TECHNIQUE OF FEED 
FORWARD AROUND 1st STAGE 


Cc 


“7 


Figure 15 


FREQUENCY RESPONSE WITH 
FEED FORWARD COMPENSATION 


RESPONSE WITH 
FEED FORWARD 
COMPENSATION 


as NaI 


RESPONSE WITH \ 
STANDARD 30 pF 
COMPENSATION 


PREQUENCY (Hz) 


Figure 16 


The concept of feed forward compensation 
bypasses the input stage at high frequencies 


driving the higher frequency second stage . 


directly as pictured by Figure 15. The Bode 


plot of Figure 16 shows the additional 
response added by the feed forward tech- 
nique. The response of the original amplifier 
requires less compensation at lower frequen- 
cies allowing an order of magnitude improv- 
ment in bandwidth. Standard compensation 
and feed forward are both plotted to illustrate 
the bandwidth improvement. Unfortunately, 
the use of feed forward compensation is 
restricted to the inverting amplifier mode. 


REFERENCES 


1. OPERATIONAL AMPLIFIERS-Design & 
Applications, Jerald Graeme and Gene 
Tobey, McGraw Hill Book Company. 
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More detailed information is available in the 
communications section of this manual, 
regarding other audio circuits. The following 
will explain the Signetics line of low noise op 
amps and show their use in some audio appili- 
cation. 


: CRT 


AUDIO CIRCUITS USING THE NE5532/33/34 


DESCRIPTION 

The §532 is a dua! high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1468, it shows better noise per- 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 


RIAA—EQUALIZER SCHEMATIC 


R@ m 25k 
R7 = 2.4k R9 m 240k 


23 Hz 

| 60 Hz 
| | 72 Hz 

| 108 Hz 
| | 168 Hz 

| 238 Hz 

| 290 Hz 
360 Hz 
425 Hz 
506 Hz 
721 Hz 
1082 Hz 
1688 Hz 
| 2382 Hz 
2904 Hz 
3602 Hz 
4253 Hz 
5068 Hz 
7218 Hz 
10827 Hz 
16880 Hz 
| 23820 Hz 


uF 
47 uF 
RCI 
22uF 
. 16 yF 
pF 
O82uF 
68uF 
O66uF 
047 uF 
O33 uF 
O22uF 
.016uF 
OTF 


.0082yuF 
.0068yuF 
0056 uF 
0047 uF 
0033 uF 
.0022uF 
.00 16 uF 


00 1 uF 


1K 
047 uF 
O83 uF 
O22uF 
.O16uF 
.O1uF 


.0082uF 
0068 uF 
.O056uF 
.0047 uF 
0033uF 
0022uF 
.00 15uF 


.00 1uF 
820pF 
680pF 
S60pF 
470pF 
SSOpF 
220pF 
150pF 
100pF 


“RS = 60k 
R7 61k RO = 510k 


25Hz 


36 Hz 
64 Hz 
79 Hz 
119 Hz 
146 Hz 
176 Hz 
212 Hz 
263 Hz 
360 Hz 
641 Hz 
794 Hz 
1191 Hz 
1462 Hz 


| 1761 Hz 


2126 Hz 
2534 Hz 
3609 Hz 


| 6413 Hz 


7940 Hz 

11910 Hz 
14624 Hz 
17614 Hz 


47 uF 
Our 
.22uF 
16 nF 
tur 
082uF 
068uF 
O56 uF 
047 pF 
033 uF 
.022uF 
.016uF 
01 nF 
.0082uF 
0068uF 
0056 yuF 
.0047 uF 
0033 uF 
.0022uF 
00 16 uF 
.00 1 uF 
820pF 
680pF 


047 uF 


O83uF | 


O22uF 
016uF 
O1uF 


O082uF | 
0068uF 
0056 uF 
.0047 uF 
0033 uF 
0022uF | 
00 16uF 


.00 1 pF 
820pF 
680pF 
S60pF 
470pF 
330pF 
220pF 
150pF 
100pF 
82pF 
68pF 


12 He 


18 Hz 
27 Hz 
39 Hz 
69 Hz 
72 Hz 
87 Hz 
106 Hz 
126 Hz 
180 Hz 
270 Hz 
397 Hz 
596 Hz 
726 Hz 
875 Hz 
1063 Hz 
1267 Hz 
1804 Hz 
2706 Hz 
3970 Hz 
6965 Hz 
7262 Hz 
8767 Hz 


™ REPEAT ABOVE CIRCUIT 
FOR DESIRED NO. OF 
OTAGZS. 


Ai2- 


RS = 100k 
R7=10k RO= 1meg 


47 uF 
Our 
.22uF 
16uF 
1H 


O82uF . 
O68uF . 
O66uF . 
O47 uF . 
O33uF . 
O22uF . 
O16uF . 


.O1uF 


.0082uF 
.0068uF 
.0056uF 
.0047 uF 
.0033uF 
.0022uF 
.00 18uF 


00 1pnF 
820pF 
680pF 


21287 Hz 
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S60pF S6pF | 10633 Hz 
12670 Hz 


| 18045 Hz 


660pF 
470pF 
S3OpF 


Figure 1 


This makes the device especially suitable 
for application in high quality and profes- 
sional audio equipment, instrumentation 
and control circuits, and telephone chan- 
nei amplifiers. The op amp is Internally 
compensated for gains equal to one. If 
very low noise Is of prime importance, it is 


TO VOL/ 
BAL AMP 
COMPONENT VALUES 

Ai = imeg C1 = .22.F 

A2 100k 2 780pF 

R& = imeg C3 = .0033,F 

A41.tk C4 33,F 

RB 100k C& SEE TABLE 

R6 100k Cé SE TABLE 

RAR? S82 TABLE C? 2auF 

ne ef wan TABLE 

Ag BLE 

R10 rook 


1 
R12 20k ‘s STAGES) 
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recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 


APPLICATIONS 

The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual- 
ity and professional audio equipment which 
requires tow noise and low distortion. 


The circuit included in this application note 
has been assembled on a P.C. board, and 
tested with actual audio input devices 
(Tuner and Turntable). It consists of an RIAA 
pre-amp, input buffer, 5-band equalizer, and 
‘mixer. Although the circuit design is not new, 
its performance using the 5632 has been 
improved. 


The RIAA pre-amp section is a standard 
compensation configuration with low fre- 
quency boost provided by the Magnetic car- 
tridge and the RC network in the op amp 


feedback loop. Cartridge loading is accom- 


plished via R1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 


The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9’s setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing impe- 
dance matching between the pre amplifiers 
and the equalizer section. Because the 5532 
is internally compensated, no external com- 
pensations required. The 5-band active filter 
section is actually 5 individual active filters 


with the same feedback design for all 5. The _ 


main difference in all five stages is the values 
of C5 and C6 which are responsible for set- 
ting the center frequency of each stage. Lin- 
ear pots are recommended for R9. To simplify 
use of this circuit, a component value table is 
provided, which lists center frequencies and 
their associated capacitor values. Notice that 
C5 equals (10) C6, and that the Value of R8 
and R10 are related to R9 by a factor of 10 as 
well. The values listed in the table are com- 
mon and easily found standard values. 


RIAA EQUALIZATION AUDIO 

PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
along with sophisticated playback equip- 
ment, a new breed of low noise operational 
amplifiers was developed to complement 
the state-of-the-art in audio reproduction. 
The first ultra low noise op amp introduced 
by Signetics was called the NE5534A. This 
is a single operational amplifier with less 
than 4nV/\/Hz input noise voltage. The 
NE5534A is internally compensated at a 


gain of three. This device has been used in 
many audio preamp and equalizer (active 
filter) applications since its introduction 
early last year. 


Many of the amplifiers that are being de- 
signed today are dc coupled. This means 
that very low frequencies (2-15Hz) are being 
amplified. These low frequencies are com- 
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, 
they become quite objectionable because 
the speakers try to reproduce these tones. 
This causes non-linearities when the actual 
recorded material is amplified and convert- 
ed to sound waves. 


The RIAA has proposed a change in its 
standard playback response curve in order 
to alleviate some of the problems that were 
previously discussed. The changes occur 
primarily at the low frequency range with a 
slight modification to the high frequency 
range. (See Figure 2). Note that the response 
peak for the bass section of the playback 
curve now occurs at 31.5Hz and begins to roll 
off below that frequency. The rolloff occurs by 
introducing a fourth R/C network with a 
7950us time constant to the three existing 


networks that make up the equalization 
circuit. The high end of the equalization curve 
is extended to 20kHz, because recordings at 
these frequencies are achievable on many 
current discs. 


NE5533/34 DESCRIPTION 

The 5533/5534 are dual and single high- 
performance low noise operational amplifiers. 
Compared to other operational amplifiers 
such as TLO83, they show better noise per- 
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 


This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, in instrumentation and con- 
trol circuits and telephone channel amplifiers. 
The op amps are internally compensated for 
gain equal to, or higher than, three. The fre- 
quency response can be optimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew-rate, low overshoot, etc.) If very low 
noise is of prime importance, it is recom- 
mended that the 5533A/5534A version be 
used which has guaranteed noise specifica- 
tions. 


PROPOSED RIAA PLAYBACK EQUALIZATION 


+ 
Hatin tt 


(db) -5 


100 


ae UT TTT TT TTT TTT TT 
De cecabe = eraaiaaetaemmmnee 
TT TT | 

CTU ATT INGE CTTTETT 
8 oe | 


| 
TTT TA TTT TTT 
aS TERRA AL MEARE EE RA 
| pes pietiflembtide bi cols RTT 


MCC 
LN 


(HZ) 10K 


100K 


Figure 2 
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RIAA PHONOGRAPH PREAMPLIFIER USING THE NE5532A 


i 


O TO LOAD 


* 1/2 OF DUAL OPERATIONAL AMPLIFIER 


NOTE 


All resistors are 1% metal film and are valued in 


Figure 3 


APPLICATIONS 


Diode Protection of Input 


The input leads of the device are protected 
from differential transients above +0.6V 
by internal back-to-back diodes. Their 
presence imposes certain limitations on 
the amplifier dynamic characteristics re- 
lated to closed-loop gain and slew rate. 


Consider the unity gain follower as an 
example: 


8-194 


Assume a signal input square wave with 
dV/dt of 250V per us and 2V peak ampili- 
tude as shown. If a 22 pF compensation 
capacitor is inserted and the R, C; circuit 
deleted, the device slew rate falls to ap- 
proximately 7V/us. The input waveform 
will reach 2V/250V/us or 8 ns, while the 
output will have changed (8x 10~%) (7) 
only 56 mV. The differential input signal is 
then (Vin — Vo) R\/R, + Ry Or approximately 
1V. 


The diode limiter will definitely be active 
and output distortion will occur; therefore, 
Vin <1V as indicated. 


Vin = 2 Sin ut 


Next, a sine wave input is used with a sim- 
ilar circuit. 


The slew rate of the Input waveform now 
depends on frequency and the exact ex- 
pression is 


dv 

— = 2wCos wt 

at a COS w | 
The upper limit before slew rate distortion 
occurs for small signal (Viy < 100 mV) con- 
ditions is found by setting the slew rate to 
7Vius. That is: 


7x 10° Vins = 2w cos wt 


at wt =0 
6 
SriMie on = 3.5.x 10° rad/s 
6 
fumit pee = 580 kHz 


Ry = Ry = 1K 
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© External Compensation Network 


Improves Bandwidth 


By using an external lead-lag network, the 
follower circuit slew rate and small signal 
bandwidth can be increased. This may be 
useful in situations where a closed-loop 
gain less than 3 to 5 is indicated. A num- 
ber of examples are shown in subsequent 
figures. The principle benefit of using the 
network approach is that the full slew rate 
and bandwidth of the device is retained, 
while impulse-related parameters such as 
damping and phase margin are controlled 
by choosing the appropriate circuit con- 
stants. For example, consider the follow- 
ing configuration: 


By choosing the lag network break fre- 
quency one decade below the unity gain 
crossover frequency (30-50 MHz), the 
phase and gain margin are improved. An 
appropriate value for R is 2709. Setting the 
lag network break frequency at 5 MHz, C 
may be calculated 


Be 1 
2270-5 x 10° 
118 = pF 


RULES AND EXAMPLES 


Compensation Using Pins 5 and 8 
(Limited Bandwidth and Slew Rate) 


A single pole and zero inserted in the 
transfer function will give an added 45° of 
phase margin depending on the network 
values. 


Caiculating the Lead-Lag 


Network 
1 Rin 
Mir Depp. ‘Sete ag 


where F,= = (UGBW) 


UGBW = 30 MHz 


O Vout 


Cy=Cc(1) 


Co = 22pF for NE5533/34 

“Cy = 22pF [SEE GRAPH UNDER 
TYPICAL PERFORMANCE 
CHARACTERISTICS] 


The major problem to be overcome is poor 
phase margin leading to instability. 


GAIN 
90 ay 


dB 45 \ 


Figure 4. Unity Gain Non-Inverting Configuration 


0 0.1 10 10 50 
MHz 
PHASE ioe sae 
C1= IN 
c : el aes na 
2 
C1 =11pF 


6 90° \I 
LAG NETWORKS - 
- 180° 
0 0.1 1 


. 10 50 
MHz 


Figure 5. Unity Gain Inverting Configuration 
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External Compensation for 
Wideband Voltage Follower 


NOTE: Input diodes limit differential to < 0.5V 


Figure 6. External Compensation for Wideband Voltage Follower 


Shunt Capacitance 
Compensation RIAA EQUALIZATION 
1 URN OV RE NCI 
Cr = or F R.’ Fe = 30 MHz fo Ha 800 Me 2122 He an 
Coist 
or Cre = 
F® Bor 


Coist = Distributed Capacitance = 2-3pF 


Many audio circuits involve carefully tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are weil 
suited to these applications because of their 
high gain and easily tailored frequency 
response. Figure 7a 


RELATIVE GAIN (a8) 


FREQUENCY (Hz) 


RIAA PREAMP USING 


THE NE5534 © NAB STANDARD 


PLAYBACK 7 1/2 IPS 
The preamplifier for phono equalization is 
shown in Figure 8 along with the theoretical 
and actual circuit response. 


Low frequency boost is provided by the a eae TIME CONSTANTS 


inductance of the magnetic cartridge with a0 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 


RELATIVE GAIN (d8} 


RUMBLE FILTER 


Following the amplifier stage, rumble and 
scratch filters are often used to improve over- 
all quality. Such a filter designed with op 
amps uses the 2 pole Butterworth approach 
‘and features switchable break points. With 
the circuit-of Figure 9 any degree of filter- 
ing from fairly sharp to none at all is switch 
selectable. 


FREQUENCY (He 


Figure 7b 
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TURN OVER FREQUENCIES 
50 Hz, 3180 Hz 
a. 


3.75 IPS TAPE 
EQUALIZATION 


RELATIVE GAIN (d8} 


FREQUENCY (Ha) 


Figure 7c 


BASE TREBLE CONTROL 


RELATIVE GAIN [d8) 
ul 


FREQUENCY (Ha) 


Figure 7d 


STANDARD FM BROADCAST 
EQUALIZATION 


TURN OVER FREQUENCY 2122 CPS 
TIME CONSTANT 76 .6 


RELATIVE GAIN (dB) 


1K 


FREQUENCY (He! 


Figure 7e 
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PREAMPLIFIER—RIAA/NAB 
COMPENSATION 


+1§V 


INPUT 


“Select to provide specified transducer loading. 
Output Noise a» O.8 mV rms (with input shorted) 


All resistor values are in ohms. 


Figure 8a 
j a re ae 
' 
g «0 
| 
% 
20 
10 
° 
101 102 103 104 108 
FREQUENCY ~ Hz FREQUENCY -— He 
Bode Piot of RIAA Equelizetion and the Bode Plot of NAB Equetizetion and the 
response realized in sn actual circult using response realized in the ectual circuit using 
the 831. the 831, 
Figure 8b Figure 8c 


RUMBLE/SCRATCH FILTER 
20K 1 


POSITION | FREQ. | 


All resistor values are in ohms. 
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TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 


1.F 10K 


100K 10K 


OUTPUT 
4 


bv 
PEAK TOPE AK 


All resistor values are in ohms. 


NOTES 


1. 


2. 
3. 


Amplifier A may be a NE531 or 301. Frequency compensation, as for unity gain non- 


inverting amplifiers, must be used. 

Turn-over frequency—1kHz. 

Bass boost +20dB at 20Hz, bass cut -20dB at 20Hz, treble boost +19dB at 20kHz. treble 
cut -19dB at 20kHz. 


GAIN — 5B 


FREQUENCY Hz 


Figure 10 


BALANCE AMPLIFIER WITH LOUDNESS. 
CONTROL 


220 oF INCH 
OA OUT 


120 


Ss... 


Ail resistor values are in onms. 


Figure 11 


TONE CONTROL 


Tone control of audio systems involves alter- 
ing the flat response in order to attain more 
low frequencies or more high ones dependent 
upon listener preference. The circuit of Figure 
10 provides 20dB of bass or treble boost or 
cut as set by the variable resistance. The 
actual response of the circuit is shown also. 


BALANCE AND LOUDNESS 
AMPLIFIER 


Figure 11 shows a combination of balance 
and loudness controls. Due to the non- 
linearity of the human hearing system the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 


VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 


Many IC amplifiers include the necessary pin 
connections to provide external offset adjust- 
ments. Many times, however, it becomes nes- 
cessary to select a device not possessing 
external adjustments. Figure 12, 13, and 14 
suggest some possible arrangements for off- 
set voltage adjust and bias current nulling cir- 
cuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. Although more sim- 
plified arrangements are possible the addition 
of Q2 and Q3 provide a fixed current level to 
Q1, thus, bias cancellation can be provided 
without regard to input voltage level. 


UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 


All resistor values are in ohms. 


Figure 12 
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BIAS CURRENT 
COMPENSATION 


UNIVERSAL OFFSET NULL FOR 
NONINVERTING AMPLIFIERS 


All resistor values are in ohms. O fout 


SELECT R2 & R3 FOR 
DESIRED CURRENT 


Figure 13 Figure 14 
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Introduction 


The NE5835 is a new generation monolithic 
op amp which features improved input 
characterisics. The device is compensated to 
unity gain and has a minimum quaranteed 
unity gain slew rate of i0V/us. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur- 
rent. 


Applications 


These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage follower circuits which require 
high slew rates. The circuit that follows will 
yield slew rates. The circuit that follows will 
yield maximum small signal transient 
response and slew rate for the NE5535 at 
unity gain. 


It is always good practice in designing a sys- 
tem to use dual tracking regulators to power 
the dual supply op amps. This will guarantee 
the positive and negative supply voltage will 
be equal during power up. With the NE5535, 
itis possible to degrade the input circuit char- 
acteristics by not applying the power supplies 
simultaneously. The NE5535 is capable of 
directly replacing the »A741 with higher input 
resistance which will improve such designed 
as active filters, sample and hold, as well as 
voltage followers. 


The NE§535 can be used either with single or 
split power Supplies. 


APPLICATIONS 
CAPACITANCE MULTIPLIER 


The circuit in Figure 1 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C= 10nF, an effective capacitance of 
10,000,.F was obtained. The Q available is 
limited by the effective series resistance. 
So R1 should be as large as practical. 


SIMULATED INDUCTOR 

With a constant current excitation, the 
voltage dropped across an inductance in- 
creases with frequency. Thus, an active 
device whose output increases with fre- 
quency can be characterized as an induct- 
ance. The circuit of Figure 2 yields sucha 
response with the effective inductance 
being equal to: 


L=R1R2C 
The Q of this inductance depends upon R1 
being equa] to R2. At the same time, 


however, the positive and negative feed- 
back paths of the amplifier are equal 
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leading to the distinct possibility of insta- 
bility at high frequencies. R1 should there- 
fore always be slightly smaller than R2 to 
assure stable operation. 


POWER AMPLIFIER 

For most applications, the available power 
from op amps is sufficient. There are 
times when more power handling capa- 
bility 


is necessary. A simple power 


All resistor values are in ohms. 


Figure 1. Capacitance Multiplier 


All resistor values are in ohms. 


_ booster capable of driving moderate loads 


is offered in Figure 3. 


The circult as shown uses a NE5535 
device. Other amplifiers may be substi- 
tuted only if R1 values are changed 
because of the ICC current required by the 
amplifier. R1 should be caiculated from 
the expression 


e0omv 
RI= TCC 


Figure 2. Virtual Inductor 


" 2N3638 


Figure 3. Power Booster 
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VOLTAGE-TO-CURRENT 
CONVERTERS 


A simple voitage-to-current converter is 
shown In Figure 4. The current out is 
lour=Vin/R. For negative currents, a pnp 
can be used and, for better accuracy, a 
Darlington pair can be substituted for the 
transistor. With careful design, this circult 
can be used to control currents of many 
amps. Unity galn compensation is 
necessary. 


The circuit in Figure 5 has a different Input 
and will produce elther polarity of output 
current. The main disadvantages are the 
error current flowing In R2 and the Iimited 
current available. 


ACTIVE CLAMP LIMITING 
AMPLIFIER 


The modified inverting amplifier in Figure 

Vine R2 6 uses an active clamp to limit the output 
OUT * Re -Ay swing with precision. Allowance must be 
made for the Vbe of the transistors. The 
swing is limited by the base-emitter break- 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes 
across the feedback resistor, but tends to 
give less precise limiting and cannot be 
easily controlled. 


ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 7 generates a positive 
output voltage for either polarity of input. 
For positive signals, it acts as a non- 
inverting amplifier and for negative 
signals, as an inverting amplifier. The ac- 
curacy is poor for input voltages under 1V, 
but for less stringent applications, It can_ 
be effective. 


HALF WAVE RECTIFIER 

Figure 8 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive signals, the gain is 0; 
for negative signals, the gain is —1. By 
reversing both diodes, the polarity can be 
inverted. This circuit provides an accurate 
output, but the output impedance differs 
for the two input polarities and buffering 
may be needed. The output must slew 
through two diode drops when the input 
polarity reverses. The NE5535 device will 
work up to 10kHz with less than 5% 
distortion. 


PRECISION FULL WAVE 
RECTIFIER 

The circuit in Figure 9 provides accurate 
full wave rectification. The output imped- 
ance is low for both input polarities, and 
the errors are small at all signal levels. 
Note that the output will not sink heavy 
currents, except a small amount through 


All resistor values are in ohms. 


Figure 7. Absolute Value Amplifier 
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All resistor values are in ohms. 


Figure 8 Half Wave Rectifier 


Figure 9. Precision Full Wave Rectifier 


TWO-PHASE SINE WAVE 
OSCILLATOR 


SINE Cg 
4) OUTPUT . 1700pF 


All resistor values are in ohms. 


Figure 10. Two-Phase Sine Wave Osciilator 
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the 10k0 resistors. Therefore, the load ap- 
plled should be referenced to ground or a 
negative voitage. Reversal of all diode 


polarities will reverse the polarity of the 


output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type 
devices give 5% distortion at about 
300Hz. 


TWO-PHASE SINE WAVE 
OSCILLATOR 


The circuit (referring to Figure 10, uses a 2- 
pole pass Butterworth, followed by a phase 
shifting single pole stage, fed back through a 
voitge limiter to achieve sine and cosine out- 
puts. The values shown using 741 amplifiers 
give about 1.5% distortion at the sine output 
and about 3% distortion at the cosine output. 
By careful trimming of Cg and/or the limiting 
network, better distortion figures are possible. 
The component values shown give a fre- 
quency of oscillation of about 2kHz. The val- 
ues can be readily selected for other 
frequencies. The NE5535 should be used at 
higher frequencies to reduce distortion due to 
slew limiting. 


LINEAR LSI PRODUCTS 


APPLICATIONS FOR THE NE538 | 


AN150 


Introduction 

The Signetics NE538 is the under- 
compensated version of the NE535. The 
NE538 has atypical slew rate of 50V/yus and 
a gain bandwidth product of 6MHz. 


The internal frequency compensation is 
designed for a minimum inverting gain of 4 
and a minimum non-inverting gain of 5. 
Below these gains the NE538 will be un- 
stable and the NE535 should be used. 

The higher slew rate of the NE538 has made 
this device quite appealing for high speed 
designs and the fact that it has a standard 
pinout will allow it to be used to upgrade 
existing systems that now use the A741 or 
pA748. 


VOLTAGE COMPARATOR 


Inexpensive voltage comparators with only 
modest parameters are often needed. The op 
amp is often used in the configuration 


OFFSET ADJUST CIRCUIT 


Figure 1 


because the high gain provides good selectiv- 
ity. Figure 2 shows a circuit usable with most 
any op amp. the zener is selected for the out- 
put voltage required (5.1 volt for TTL), and the 
resistor provides some current protection to 


VOLTAGE COMPARATOR 


A!l resistor values are in ohms. 


Figure 2 


the op amp output structure. V,,, can be any 
voltage within the wide common mode range 
of the amplifier—another advantage of using 
op amps for comparators. 
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CYCLIC A TO D CONVERTER 


One interesting, but, much ignored A/D con- 
verter is the cyclic converter. This consists of 
a chain of identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts V,,; from the input and doubles 
the remainder if the polarity was correct. In 
Figure 1 the signal is full wave rectified and 
the remainder of V,,, — V,.¢ is doubled. A chain 
of these stages gives the gray code equiva- 
lent of the input voltage in digitized form 
related to the magnitude of V,,;. Possessing 
high potential accuracy, the circuit using 
NE531 devices settles in 5us. 


TRIANGLE AND SQUARE 
WAVE GENERATOR 


The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli- 
tude of the square wave is set by the output 
swing of the op amp A-1 and R1/R2 sets the 
triangle amplitude. The frequency of oscilla- 
tion in either case is 


Sane." (1) 
The square wave will maintain 50% duty 


cycle even if the amplitude of the oscillation 
is not symmetrical. 


CYCLIC A TO D CONVERTER 


O LOGIC OUT 


Figure 1a 


TRIANGLE AND SQUARE 
WAVE GENERATOR 


SQUARE WAVE 
our 


Figure 2 
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The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A‘ 
runs open loop, there is no need for com- 
pensation. The triangle-generating amplifi- 
er must be compensated The NE5535 device 
can be used as well, except for.the lower 
frequency response. 


VREF 


| LOGIC OUT. 


VIN 


Figure ib 


MC3403 DESCRIPTION 


The MC3403 Is a quad operational amplifier | 
with true differential inputs. The device has 
electrical characteristics similar to the pop- 
ular »A741. However, the MC3403 has sev- 
eral distinct advantages over standard op- 
erational amplifier types in single supply 
applications. The MC3403 can operate at 
supply voltages as low as 3.0V or as high as 
36V. The common mode input range in- 
cludes the negative supply, thereby elimi- 
nating the necessity for external biasing 
components In many applications. The out- 
put voltage range also includes the nega- 
tive power supply voltage. 


APPLICATIONS 


VOLTAGE REFERENCE 


Vv o Ft 
Oo" ATs Aa 


Vo= 5 Vee 


@o = C(1 +8 +b) (02 -e1) 


he, INPUT BIAS CURRENT (nA) 


INPUT BIAS CURRENT vs 
SUPPLY VOLTAGE 
180 


SINGLE SUPPLY 
3.0V to (I 


7 oR 
10 


150 
0 2040 60 8 10 12 14 16 


Voc AND Veg 


POWER SUPPLY VOLTAGES (V) 


\"-; 


s 


WEIN BRIDGE OSCILLATOR 


t 1 

om onc 

FOR to = kHz 
Rm 16kQ 
Cw 0.01uUF 


COMPARATOR WITH HYSTERESIS 


HYSTERESIS 


Vint), Vinci) 


R Vaer 


1 
Vin(L) ™ Als R2 (Vor ~ Vrer)+ Vrer 


Rt 
ViN(H) = Ri+ R2 (Vou — Vaer)+ Vrer 


Ri 
H= Ais R2 (You — Vou) 
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APPLICATIONS (Continued) 


BI-QUAD FILTER 


OVrev 
BANDPASS 


VREF 
FUNCTION GENERATOR 
TRIANGLE WAVE R2 
1 OUTPUT 300K 
Vaer = Vec 
Vrer CO 
SQUARE WAVE 


OUTPUT 


Ry 
R1+R¢ R2 Rt 
'= gon, ri * 89= aorRi 
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WHERE Tgp = CENTER FREQUENCY GAIN 


fo= ESae 
2nRC 
R1=QR 
R2= in Vaer =} Vec 
R3 = TyR2 
C1=10C 


FOR fo = 1kHz 
Q=10 
Tep=1 
Ty = 


C1 
(———O NOTCH OUTPUT R= 160k2 
C =0.001uF 
R1 = 1.6MQ 
R2= 1.6M2 


Ty = PASSBAND NOTCH GAIN R3 = 1.6M2 


MULTIPLE FEEDBACK BANDPASS FILTER 


R1 
Vin 


. 1 
O Vrer VREF =5 Vcc 


GIVEN fg = CENTER FREQUENCY 
A(fo) = GAIN AT CENTER FREQUENCY 


CHOOSE VALUE fo, C © 
THEN: 


R2= 17 Ri - RS 
FOR LESS THAN 10% ERROR FROM OPERATIONAL AMPLIFIER 


Goto <0.1 WHERE fo AND BW ARE EXPRESSED IN Hz. 


IF SOURCE IMPEDANCE VARIES, FILTER MAY BE PRECEDED WITH 
VOLTAGE FOLLOWER BUFFER TO STABILIZE FILTER PARAMETERS. 
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TYPICAL APPLICATIONS 


SINGLE SUPPLY INVERTING AMPLIFIER INPUT BIASING VOLTAGE FOLLOWER 
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oe DESCRIPTION 


The 6612 series of high performance oper: 
ational amplifier provides very good input 
> gharacteristica, These amplifiers feature 
few ‘input bias and voltage characteristics 


“- guch as a 108 op amp with improved CMRR 
and a-high differential input voltage limit 
achieved through the use of a bias cancella- 
thon and PNP input circuits with collector to 
emitter clamping. The output characteristics 
_ are like those of a 741 op amp with improved 
~ elew.rate and drive capability yet have low 
Sts sieply quiescent current. 


‘BRIDGE TRANSDUCER AMPLIFIER 
in applications involving strain gauges, 
accelerometers and thermal sensors a 


bridge transducer is often used. Frequently 


the sensor elements are high resistance 
units requiring equally high bridge resis- 
tance for good sensitivity. This type of cir- 
cuit then demands an amplifier with high in- 
put impedance, low bias current and low 
drift. The circuit shown represents a possi- 
ble solution to these general requirements 
(Figure 1). 


For Vs = 10 volts, the common mode voit- 


age is approximately +5 volts, well within 


the common mode limits of the NE5512. 


The sensitivity of the input stage is approxi- 
mately 


to a change in transducer resistance AR. 
This gives a gain factor of ~50 for Vg = 10V 
-and R = 25k. The second stage gain is 
— X100 giving a total gain of ~ 5000. 


Noise is minimized by shielding the 
transducer leads and taking special care to 
determine a good signal ground. Common 
. mode noise rejection is particularly impor- 
tant making matched differential impedance 
critical. The NE5512 typically provides 
100dB of.common mode rejection and will 
fe considerably reduce this undesirable effect. 


Te following are sensitivity figures for the 
traneducer circuits. 


a AR AEout 
leg 1 100 any 
me rae 52 —1.3V 
leg 2 102 +2.4 

| | 52 . +1.2 


Temperature compensation of the bridge 
element is accomplished by using low drift 


metal film resistors and also by providing a 


- Complimentary non-active sensor element to 
thermally track the offset in the active 
element. 
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NE/SE5512 BRIDGE TRANSDUCER AMPLIFIER 


260k. 
METAL FILM 


100pF 


® 


® 


Traneducer/Preamp 
Gain ° 
Re Vg 
tom R' EXC (2F S70 ee 


AR 
s= 


“NOTE 
Thermal compensation transducer (non-active) 


RF 


| | 


Te 


WF O uF Example: 
—158 +158. SR = S52 Jeg = 1.2V 


Vg = +10V 


Figure 1 


NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY 
. (SENSITIVITY: 1 VOLT PER MICROAMP] 


~ 100pF (POLYSTYRENE) 


IMEG .01% 
METAL FILM 


te 


@ 
—15V +15V 


fo = 160Hz 


O tout = igh 


Figure 2 


High frequency roll-off provides attenuation 
of unwanted noise above the pass band of 
the transducer. The shunt capacitors across 
both stage feedback resistors are for this 
purpose. 


CURRENT TO VOLTAGE 
CONVERTER . 


Taking advantage of the very low bias cur- 


rent and offset of the NE&512 is demon- 


strated in its adaptation to a current to volt- | 


age converter as shown below (Figure 2). 


The lower limit of measuring accuracy is de- 
termined by Ip (inverting) which is typically 


—6NnA. In order to attain a measurement accu- 


racy of 1% the following inequality must 
hold, . 


_Where Ig = input bias current, Igmin = mini- 


mum measured current. For ig = 6nA and 
Ismin ™ 1A, 

6nA = (.01) uA = 10NA 
and the inequality hold. 
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DC offset and current noise gain is deter- 
mined by 
Re +Rs 
Rs 
which = 1 for Rg > Rep. 


The measured results for this circult appear 
below (Voc = + 16 volte). 


1.008 Volts 
6.00 Volte 
10.00 Volts 


NE5512 OPERATIONAL 
DIFFERENTIATOR 


By utilizing the very high input impedance | 


characteriatic of the NE6612, an excellent 
active differentiator can be realized. Using 
the circuit shown (Figure 3), good results 
were obtained as shown by the wave forms 
In Figures 4, § and 6. One of the primary 
problems with such circults is the tendency 
towards Instability and distortion either due to 
loading caused by Input blas currents or 
amplifier non-linearity. in addition, gain 
Increases with frequency requiring low input 
_ holse in the amplifier. : 


The relative stability ie shown by the output 
signal wave forms mentioned above. Adding 


R; provides added compensation in the 


form of a zero near the amplifier unity gain 
frequency. Frequency range is 100Hz to 
10kHz. 


In order to obtain good differentiation, the 
network time constant, RC, must be small 
relative to the period of the highest frequen- 
cy present at the input. Since the 
differentiator will attenuate the signal by a 
factor of wRC which may be 100:1 in the 
operating region, the second amplifier stage 
is used to compensate for this loss. Various 
circuits are easily interfaced with the 
differentiator block due to the inherently low 
output impedance of the NE6612. 


INPUT CURRENT | OUTPUT VOLTAGE 


DIFFERENTIATOR WAVEFORMS 


TRIANGLE WAVE 
INPUT 


SQUARE WAVE 
OUTPUT 


SQUARE WAVE 
INPUT 


IMPULSE 
OUTPUT 


Figure 3 


Figure 4 


Figure 5 


IN 
200mV/cm 


OUT 
800mV/cm — 


H = 20u8/in 


20mV/cm. 


2V/em 


H= 20u8/cm 2 


LINEAR LSI PRODUCTS 


APPLICATIONS FOR THE NE5512/5514 pata — AN144 


THE OPERATIONAL INTEGRATOR DIFFERENTIATOR WAVEFORMS 


The operational complement of the active dif- 
ferentiator is the active integrator. The 
NE5512 is easily adapted to this function as 
shown in the circuit below (Figure 7). to obtain 
satisfactory integration the time constant 
must fulfill the following requirement: 


RCS 18T 
_ Where T is the period of the input wave form. aye ane acc em 
For the ideal integrator 
Cout * aE J @in at Sr eaen 1V/om 
The factor 1/RC represents an attenuation 
of the input signal. The low signal level is H = 20u8/em 


increased by using the second half of the 
NE5512 as a gain stage following the oper- 
ational integration. The wave forms in Fig- 
ures 8 and 9 show the input-output relation- 
ship for both a sine wave and a square wave Figure 6 

function. A good integrator must exhibit a ! 

phase shift of >89° for sine wave input over a 

the active frequency range. For a square NE/SE5512 ACTIVE INTEGRATOR WITH INVERTING BUFFER 
wave the resultant output must be a linear | 

ramp. The circuit shown fulfills this require- 

ment (see Figure 7). No external compensa- ee es 10K0 

tion is required since the amplifier is unity. ~ vo. 
gain stable. | 


@in ™ sin wt 
O eout = cos ut 


fin > 200Hz 
1k2 


| Figure 7 
INTEGRATOR WAVEFORMS ee | ___ 


SQUARE 


SINE WAVE 
WAVE 
INPUT si 
T 
greta COSINE WAVE 0.8V/em 
ye ouTPUT ore 


H = Ims/em 


H = ims/om 


Figure 8 Figure 9 
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NE5514 DESCRIPTION 


The SE/NE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324/LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a 4A741 with improved slew and 
drive capability. 


FOUR QUADRANT PHOTO- 
CONDUCTIVE DETECTOR 
AMPLIFIER 


When operating a photo diode in the photo- 
conductive mode (reverse biased) very 
small currents in the micro ampere range 
must be sensed in the photo active operat- 
ing region. Dark currents in the nano am- 
peres are common. Generally, for this 
reason, J-FET input preamps are used to 
prevent interaction and accuracy degrada- 
tion due to input bias currents. 


The 5514 has sufficiently low input bias cur- 
rent (6na) to allow its use under these circuit 
constraints as shown in a possible design 
used to sense four quandrant motion of a light 
source. By proper summing of the signals 
form the X and Y axes, four quandrant output 
may be fed to an X-Y plotter, oscilloscope or 
computer for simulation. (See Figure 10.) 


The wide input common mode voltage range 
of the device allows a +10 volt supply to be’ 
used to drive the signal bridge giving high 
sensitivity and improved signal to noise. Ob- 
viously, input balancing is critical to achiev- 
ing common mode signal rejection in addi- 
tion to adequate shielding of the sensor 
leads. The sensor head itself must be 
shielded and the shield grounded to signal 
common to avoid unwanted noise pick up 
from power line and other local noise 
sources. Amplifier response may be shaped 
to aid in noise reduction by more complex 
filter configurations. If possible the 5514 
should be located in close proximity to the 
sensor head. 


System balance may be done under dark 
field conditions if adequate photo detector 
tracking results. However, for high accuracy 
systems a bipolar balance adjust added to 
the non-inverting output stage is more desir- 
able. With this latter method the signal 
bridge is balanced for a null output under 
uniform light field conditions using the 
bridge balance pot as shown. D.C. offset is 
then adjusted using the balance pot on the 
Output amplifier under dark fieid conditions. 


FOUR QUADRANT PHOTO DETECTOR 


SIGNAL 
COMMON 


© 4 
ID(ACTIVE) = 5yA cA 


+15 


ye 1K 


1MEG 1MEG 


@) x 
(s) 


oc 
NULL 1MEG 


= O—-AA-—O — 
_ +15 50K —15 - 
@) y 
i iy | (—,+) (+,+) 
(-,-) (+,-) 
I 415 
~ PHASING 


Figure 10 


MULTI-TONE BANDPASS FILTER 
FOR PLL TONE DECODER 


In the design of a multiple tone signaling 
system, particularly where signals are trans- 
mitted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communications. 


By the use of narrow band active pre-filters to 
attain selectivity and gain, the effective signal 
to noise ratio is greatly improved. The SE/ 
NE5514 is easily adapted to such filter config- 
urations due to its inherent stability. In 
addition its very high input, impedance drasti- 
cally reduces loading o the passive networks 
and allows for increased ‘'Q”’ and large value 
resistors. 


The circuit in Figure 4 demonstrates multiple 
feedback filters operating at four of the stand- 
ard signaling frequencies. More channels 
may be added to increase the capacity of the 
system. 


Test results obtained from this filter configu- 
ration were as follows: 


Wide band signal to noise 63dB 

Gain (Mid band) 30dB 

Q (effective) sz 30 

Output OdBM 
(.775Vrme) 


Note that the amplifiers are operated from a 
single +12 volt supply and are biased to half 
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Voc by a simple resistive divider at point B 


‘ _ NBE/SE8514 
which connects to all! non-inverting inputs. MEB BANDPASS FILTER | 
4-STATION 0-50° TEMPERATURE | FOR . 
SENSOR MULTI-CHANNEL TONE DECODER 


By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the basis 
for a multi-station temperature sensor as 
shown in Figure 12. The principle used is fun- 
damental to the current voltage relationship 
of a forward biased junction. The current flow 
across the base-emitter junction is deter- 
mined by absolute temperature in the follow- 
ing way: 
le = —(Io + Ip) i“ 
and = Ig co lg exp (Vgg/V7): VT ™ “G 


therefore, Vege co Vz In Ie/Is [697Hz] 


Where Ig is the forward current and ls is the 
saturation current inherent in the junction, lg 
must be high enough such that the Is vari- 
ation with temperature is small relative to ig 
(le >> Ig). Ig is typically .0& pA, therefore, 
setting Ie to 1 or 2 wA gives the desired 
condition. 


Diode D, serves to substantially reduce er- (77042) 
ror due to power supply variation by giving a 
fixed voltage reference. To calibrate the 
sensor adjust Rg for “O” volts output from 
the NE6&514 at 0°C. Adjust Re tracking re- 
sistor for a scale factor of 100 millivolts per 
°C output. 


Only the transistor need be placed in the tem- 
perature controlled environment. Figure 13 
shows the addition of an A/D converter and 
display to give a digital thermometer. 


I 10uF/25V 


Figure W 
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4-CHANNEL TEMPERATURE SENSOR 
(0-50°C) 


REPEAT ABOVE FOR 
REMAINING SENSORS 


SO 


Figure 12 


uP-CONTROLLED DIGITAL THERMOMETER 


SENSOR Fen 
Qy ) 


\ SAMPLE AND 
“ . 
MULTIPLEXOR 
BIAS CIRCUIT i 


DIGITAL READOUT 


NE5537 


$002 
O QO O O uP 
CKT CKT CKT 
23 4 om ig 
SAMPLE 
HOLO 


Figure 13 
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DESCRIPTION 


The Signetics NE5517 is a truly versatile dual 
operational transconductance amplifier. In 
plain language, it is a voltage-to-current con- 
verter governed by the transconductance gm, 
which is equivalent to Ioy/Vin. The gm is in- 
creased or decreased linearly by varying the 
amplifier bias current (lagc) through an exter- 
nal pin (see Figure 1). From the proper use of 
the lagc pin, many control circuits can be 
realized. 


For more insight into the way the part operates, 
the transconductance can be thought of as 
gain and is governed by the following equation: 


gm = lout = pea (1) 


Vi, 2KT 


where the transconductance is dependent on 
the constant KT/q (which is 26mv at 25°C), and 
laac (which is controlled by the user). 


_ To make the device more universal and adap- 
table for many functions, two impedance buf- 
fers for voltage output applications are also in- 
cluded with the amps so that the part can be 
used aS a programmable operational amplifier. 


Linearizing diodes provide another useful op- 
tion. These shou!d be applied when large in- 
put voltages or wide temperature variations are 
encountered. To show the significance of the 
diodes, compare the difference between Equa- 
tion 1 without diodes and Equation 2 with 
diodes: 


Emme 


Vin Rin lp 


las | i 
out 2 ABC tor |, greater than = (2) 


Here, it can be seen that the transconductance 
is not temperature dependent. R,, is the 
signal input resistance and |,, is the signal 
current. |, must not exceed half the diode cur- 
rent (Ip, nominally 1mA). The diode current is 
set by a resistor tied to + Voc. A graph show- 
ing the output distortion improvement versus 
differential imput voltage when using the 
diodes is shown in Figure 2. 


An advantage that the NE5517 has over similar 
devices is a special biasing network between 
the amplifier and output impedance buffers. 
This network eliminates output offset current 
changes with a sudden change in the bias cur- 
rent (lagc). This is particularly important in 
audio applications where an audible offset 
would be produced. 
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SYMBOL NAME AND FUNCTION 
Amplifier bias input A 
pCa bias A 


+ Non-inverting input A 


IN, 
Inverting input A 
V+ 


. 
. 


INBuffer (a) i 


Buffer input A 


vepufer(@) | Bufer ouput 8 
[ve Peve supply 
es 
[tN vering np 
TT 


LINEARIZING 
DIODES 


CURRENT OUTPUT WITH 
CURRENT CONTROL 


Figure 1 Pin Designation and Functional Diagram 
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APPLICATIONS 


An application employing both amplifiers and 
buffers internal to the NE5517 is the adjustable 
triangle-square wave generator shown in 
Figure 3. 


The center oscillating frequency is set by the 
capacitor C at the output of amplifier A. The 
output amplitude is set by the resistor R con- 
nected between the non-inverting inputs, 
amplifier B output, buffer B input and ground. 


The oscillating frequency is varied by chang- 
ing V,, which in turn controls the amplifier 
bias current (lagc1). If a positive voltage is ap- 
plied to V,, the center frequency will increase 
linearly with increasing voltage. If a negative 
is applied, the center frequency will decrease 


DISTORTION vs DIFFERENTIAL 
INPUT VOLTAGE 


Voc® + 15V 
‘ABC = 1mA 


: 
: 


10 100 1000 
DIFFERENTIAL INPUT VOLTAGE (mVp) 


Figure 2 Output Distortion Versus Input 
Voitage Showing Benefit Of Diodes 


linearly with increasing negative voltage. This 
makes a very good programable oscillator with 
variable amplitude. 


By using a large value capacitor and negative 
control voltage, oscillations in the fractions of 
Hertz can be realized; a small capacitor and 
positive control voltage will give frequencies 
up to 500k Hz. Graphs showing the linearity of 
control voltage versus frequency for different 
capacitor values are shown in Figure 4. 


Pertinent calculations are: 


grea NOON a (3) 
4(C) (lace) (R) 


Where: f¢ = center frequency 
laac: ™ oscillator control current 
lasce = amplitude control current 
R = amplitude control resistor 
C = oscillator control capacitor 
Also: Amplitude = (lage) (R) (4) 


Another very useful application is to use the 
NE5517 as a digitally programmable amplifier. 
The entire circuit is shown in Figure 5. 


The circuit consists of a Signetics micropro- 
cessor compatible DAC, a transistor array, and 
the NE5517 configured as a voltage controlled 
amplifier. This arrangement can also be used 
with the VCO explained earlier to program its 
oscillating frequency. 


The pertinent equations governing this applica- 
tion are as follows: 


Vour BW (10) 


AV = 
Vin 256 


(5) 


Ibac MAX XQ X RL 
2x KT 


Where: BW (10) = 
Ipac MAX 


binary word decimal 
maximum DAC output 
current (1mA) 


Ri = load resistance (30K) 
q/KT = 38.5 at 25°C 
Also: V 


Viet 

Ibacmax = 2X Pret . 

5K _ 

=2xX—— = 1mMA 
10K 


Where: V4 = supplied by DAC (5V) 
Rret = referenced resistor (10K 
ohms) 


The lpacmax Of 1mA is used to keep the 
transconductance within the linear range. 


Figure 3 Triangie-Square Wave Generator 
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ie A 
xin masa ac 


= 150kKHz 
= 810pF |_| 
Am 2.4K 


0 
ge a | tg Wale ae ae ~18-12-8 —4 pee 16 20 24 26 =18 -12-8-6 0 ao 18 20 24 28 
V.(VOLTS) (VOLTS) ° 


A B Cc 


Note: 
V, Below - 13.6V or above +30V will cause distortion. 
Changing the C value will vary the frequency range. 


Figure 4 Control Voltage (V,) Versus Frequency Data 


The current mirror matches the current flow 
Into the DAC and supplies the same amount 
to the 5517 control pin. Using a current out- 
put DAC Is much faster than using a voltage 
output device to control the part. (If speed is 
not important, this can be done and the cur- 
rent mirror can be replaced with a resistor.) 
Also, the input attenuation has not been Re | 

| CURRENT MIRROR 


calculated into the gain equation. Therefore, 

equation (5) pertains to the signal after the in- oa | (TRANSISTOR. 
| ARRAY) 

put divider. Aree | 

Many other applications for the NE5517 exist; | 1K epirce j es 

refer to the data sheet applications section In 10K 82k ABC ™'DAC 

the Signetics Linear LSI data book for numer- 


ous ideas. FULL-8CALE 
ADJUST 


DATABUS 


10nF | 0.1,uF 0. 1uF 


-Veo = +Vec 


Figure 5 Digitally Programmable Amplifier 
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INTRODUCTION TO NOISE 


Since fabrication techniques in the integrat- 
ed circuit industry have improved so tre- 
mendously in the past few years, input 
offset voltages and bias currents are being 
minimized and noise parameters (whether 
measured at the output or referred to the 
input) have become a major source of con- 
cern. Reducing noise by improved process 
techniques and by use of peripheral compo- 
nent control will be the thrust of this appli- 
cation as a secondary effort, in understand- 
ing the noise components themselves. 


An inspection of industry specifications 
show several methods of rating amplifier 
noise performance. 


1. Output signal to noise ratio. 

2. Output noise level (with specified loads 
and bandwidth). 

3. Output noise level referenced to normal 
operating level. 

4. Equivalent input noise (at a specified 
gain, source impedance and bandwidth). 

5. Noise figure. 


BASIC NOISE PROPERTIES 


Noise, for purposes of this discussion, is 
defined as any signal appearing in an op 
amp’s output that could not have been pre- 
dicted by DC and AC input error analysis. 
Noise can be random or repetitive, internal- 
ly or externally generated, current or volt- 
age type, narrowband or wideband, high 
frequency or low frequency; whatever its 
nature, it can be minimized. 


The first step in minimizing noise is source 
identification in terms of bandwidth and loca- 
tion in the frequency spectrum; some of the 
more common sources are shown in Figure 1. 
Some observations to be made from Figure 1 
are that noise is present from DC to VHF from 
sources which may be identified in terms of 
bandwidth and frequency, noise source band- 
widths overlap, making noise a composite 
quantity at any given frequency. Most exter- 
nally caused noise is repetitive rather than 
random and can be found at a definite fre- 
quency. Noise effects from external sources 
must be reduced to insignificant levels to real- 
ize the full performance available from a low 
noise op amp. 


EXTERNAL NOISE SOURCES 
Since noise is a composite signal, the indi- 
vidual sources must be indentified to mini- 
mize their effects. For example, 60Hz power 
line pickup is a common interference noise 
appearing at an op amp’s output as a 16ms 
sine wave. In this and most other situations, 
the basic tool for external noise source fre- 
quency characterization is the oscilloscope 
sweep rate setting. Recognizing the oscillo- 
scope’s potential in this area, there are availa- 
ble several preamplifiers with variable 
bandwidth and frequency which allow quick 
noise source frequency identification. 
Another basic identification tool is the simple 
low pass filter as shown in Figure 2 where the 
bandpass is calculated by: 


1 


Vfo= 
. 2n7RC 


(1) 


With such a filter, measurement bandpass 
can be changed form 10Hz to 100Hz 
(C =4.7pnF to 470pF), attenuating higher fre- 
quency components while passing frequen- 
cies of interest. Once identified, noise from an 
external source may be minimized by the 
methods outlined in Table 1, the external 
noise chart. 


POWER SUPPLY RIPPLE 


Power supply ripple at 120Hz is not usually 
thought of as noise, but it should be. In an 
actual op amp:-application, it is quite possi- 
ble to have a 120Hz noise componentthat is 
equal in magnitude to all other noise 
sources combined, and, for this reason, it 
deserves a special discussion. 


To be negligible, 120Hz ripple noise should 
be between 10nV and 100nV referred to the 
input of an op amp. Achieving these low 
levels requires consideration of three fac- 
tors: the op amp’s 120HzZ power supply 


NOISE FREQUENCY ANALYSIS 
RC LOW PASS FILTER 


Vv: 


TO SCOPE 
4.7 uF to 470 pFd 


ag 


Figure 2 


FREQUENCY SPECTRUM OF NOISE SOURCES 


AFFECTING OPERATIONAL AMPLIFIERS & LOW NOISE PREAMPLIFIERS 


POPCORN NOISE REGION 


oc To oc 
SUPPLY 
INVERTING 


eat) FREQUENCY 


60 100 120 
FREQUENCY IN Hz 


180 1K 


Figure 1 


SCR SWITCHING 


1M 10M 
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rejection ratio (PSRR), the regulator’s ripple 
rejection ratio, and, finally, the regulator’s 
input capacitor size. 


PSRR at 120Hz fora given op amp may be 
found inthe manufacturer’s data sheet curves 
of PSRR versus frequency as shown in Figure 
3. For the amplifier shown, 120Hz PSRR is 
about 74dB, and to attain a goal of 100nV 
referred to the input, ripple at the power termi- 
nals must be less than 5mV. Today’s IC regu- 
lators provide about 60dB of ripple rejection; 
in this case the regulator input capacitor must 
be made large enough to Jimit input ripple to 
OV. 


Externally compensated low noise op amps 
can provide improved 120Hz PSRR in high 
close-loop gain configurations. The PSRR 
versus frequency curves of such an op amp 
are shown in Figure 5. When compensated 


for a closed loop gain of 1000, 120Hz PSRR is | 


115dB. PSRR Is still excellent at much higher 
frequencies, allowing low ripple noise opera- 
tion in exceptionally severe environment. 


POWER SUPPLY DECOUPLING 


Usually, 120Hz ripple is not the only power 
supply associated noise. Series regulator out- 
puts typically contain at least 150.V of noise 
in the 100Hz to 10kHz range, switching types 
contain even more. Unpredictable amounts of 
induced noise can also be present on power 
leads from many sources. Since high fre- 
quency PSRR decreases at 20dB/decade, 
these higher freqency supply noise compo- 
nents must not be allowed to reach the op 
amp’s power terminals. RC decoupling, as 
shown in Figure 6, will adequately filter most 
wideband noise. Some caution must be exer- 
cised with this type of decoupling, as load 
current changes will modulate the voltage as 
the op amp’s supply pins. 


POWER SUPPLY REGULATION 
Any change in power supply voltage will have 
a resultant effect referred to an op amp’s 
inputs. For the op amp of Figure 3, PSRR at 
DC is 110dB (3uV/V) which may be consid- 
ered as a potential low frequency noise 
source. Power supplies for low noise op amp 
applications should, therefore, be both low in 
ripple and well-reguiated. inadequate supply 
regulation is often mistaken to be low fre- 
quency op amp noise. 


When noise from external sources has been 
effectively minimized, further improve- 
ments in low noise performance are ob- 
tained by specifying the right op amp, and 
through careful selection and application of 
the peripheral components. 
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PSRR VS FREQUENCY 


ao 
2 
x 
v7 
wo 
a 


100 1000 
FREQUENCY (Hz) 


Figure 3 


10,000 


NOISE CHARACTERIZATION 
OF AMPLIFIER 


a ati to 
| Figure 4 


NOISE VOLTAGE, e,, or more properly, 
EQUIVALENT SHORT-CIRCUIT INPUT RMS 
NOISE VOLTAGE is simply that noise voltage 
which would appear to originate at the input 
of a noiseless amplifier (referring to Figure 4) 
if the input terminals were shorted. it is 
expressed in nanovolts per root Hertz (nV/ 
Hz) at specified frequency, or in microvolts 
for a given frequency band. It is determined, 
or measured, by shorting the input terminals, 
measuring the output rms noise, dividing by 
amplifier gain, and referencing to the input. 
Hence the term, equivalent noise voltage. An 
output bandpass filter of known characteristic 
is used in measurements, and the measured 
value is divided by the square root of the 
bandwidth ./B, if data is to be expressed per 
unit bandwidth or per root Hertz. The level of 


é, is not constant over the frequency band; 


typically it increases at lower frequencies as 
shown in Figure 7. This increase is 1/f NOISE 
(flicker). 


NOISE CURRENT, in, or more properly, 
EQUIVALENT OPEN-CIRCUIT RMS 
NOISE CURRENT is that noise which oc- 
curs apparently at the input of a noiseless 
amplifier due only to noise currents. It is 
expressed in picoamps per root Hertz 
(pA/./Hz) at a specified frequency or in nano- 
amps in a given frequency band. It is 
measured by shunting a capacitor or resis- 
tor across the input terminals such that the 
noise current will give rise to an additional 


PSRR VS FREQUENCY 
(EXTERNALLY COMPENSATED DEVICE) 


PSRR (dB) 


FREQUENCY (KHz) 
Figure 5 


RC DECOUPLING 


V+ 


NOISE VOLTAGE AND 
CURRENT FOR AN OP AMP 


in (PA/VHz) 


FREQUENCY (Hz) 


Figure 7 


noise voltage which is in x Rin (or Xcin). The | 
output is measured, divided by amplifier 
gain, referenced to input, and that contribu- 
tion known to be due to €p and resistor noise 
is appropriately subtracted from the total 
measured noise. If a capacitor is used at the 
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60Hz Power 


ee 


180Hz Repetitive EMI 


Repetitive Interference 


EXTERNAL NOISE CHART 
Causes 


Powerlines physically close to 
op amp inputs. Poor CMRR 
at 60Hz. 


tnadequate ripple consider- 
ation. Poor RSRR at 120Hz 


Saeed 


60Hz transformers. 


180Hz radiated from saturated 


Minimization Methods 


Reorientation of power wiring. 
Shielded transformers. 


Thorough design to minimize ripple. 
RC decoupling at the op amp. 


Physical reorientation of components. 
Shielding. Battery power. 


Radio stations Standard AM broadcast Antenna action anyplace in Shielding. Output filtering. Limited 
through FM system. circuit bandwidth. 


Relay & switch 


arcing switching rate. 


High frequency burst at 


Proximity to amplifier inputs, 


power lines, compensation ter- 


minals, or nulling terminals. 


Filtering of HF components. Shielding. 
Avoidance of ground loops. Arc sup- 
pressors at switching source. 


Printed circuit board Random low frequency Dirty boards or sockets. Thorough cleaning and humidity 
contamination | sealant. 


Radar transmitters 


Mechanical vibration 


Chopper frequency 
noise 


input, there is only en and in Xcin. The in is 
measured with a bandpass filter and con- 
verted to pA/\/Hz if appropriate; typically it 
increases at lower frequencies for bipolar 
op amps and transistors, but it increases at 
higher frequencies for field-effect transis- 
tors and Bi-Fet/Bi MOS op amps. 


NOISE FIGURE, NF, is the logarithm of the 
ratio of input signal-to-noise and output 
signal-to-noise. 


NF = 10 log (S/N) in_ 
(S/N) out (2) 
where: S and N are power or (voitage)2 


levels 


This is measured by determining the S/N at 
the input with no amplifier present, and then 
dividing by the measured S/N at the output 
with signal source present. 


The values of Rgen and any Xgen as well as 
frequency must be known to properly ex- 
press NF in meaningxul terms. This is be- 
cause the amplifier in x Zgen as well as Rgen 
itself produces input noise. The signal 
source contains some noise. However, @gig is 


High frequency gated at 
radar pulse repetition rate. 


Random < 100Hz 


Common mode input current 
at chopping frequency 


Radar transmitters from long 
range surface search to short 
range navigational especially 
near airports. 


Loose connections, intermittent 


metailic contact in mobile 
equipment. 


Table 1 


generally considered to be noise free and 
input noise is present as the THERMAL 
NOISE of the resistive component of the sig- 
nal generator impedance Fge,,. This thermal 
noise is WHITE in nature as it contains con- 
stant NOISE POWER DENSITY per unit 
bandwidth. It is easily seen that the e,? has 
the units V2/Hz and that (€,) has the units V/ 
JHz 


6p? = 4kTRB (3) 


where: _ T is temperature in °K 
R is resistor value in ohms 
B is bandwidth in Hz 


k is Boltzman’s constant 


OPERATIONAL AMPLIFIER 
INTERNAL NOISE 

OP AMP NOISE 
SPECIFICATIONS 


Most completely specified low noise op amp 
data sheets specify current and voltage 
noises in a 1Hz bandwidth and low frequen- 
cy noise over a range of .1Hz to 10Hz. To 
minimize total noise, a knowledge of the 


Shielding. Output filtering of fre- 
quencies >> PRR. 


Attention to connectors and cable 
conditions. Shock mounting in severe 
environments. 


| Abnormally high noise chop- Balanced source resistors. Use bi- 
per amplifier in system | polar input op amps instead. 


derivation of these specifications is useful. 
In this section, the reader is provided with 
an explanation of basic op amp associated 
random noise mechanisms and introduced 
to a simplified method for calculating total 
input-referred noise in typical applications. 


RANDOM NOISE CHARACTER- 
ISTICS 


Op amp associated noise currents and volt- 
ages are random. They are aperiodic and 
uncorrelated to each other and have Gaus- 
sian amplitude distributions, the highest 
noise amplitudes having the lowést proba- 
bility. Gaussian amplitude distribution al- 
lows random noises to be expressed as rms 
quantities; multiplying a Gaussian rms 
quantity by six results in a peak to peak 


value that will not be exceeded 99.73% of the 


time. 


The two basic types of op amp associated 
noises are white noise and flicker noise (I/f). 
White noise contains equal amounts of power 
in each Hertz of bandwidth. Flicker noise is 
different in that it contains equal amounts of 
power in each decade of bandwidth. This is 
best illustrated by spectral noise density plots 
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NOISE VOLTAGE 
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such as in Figure 8 and 9. Above a certain 
corner frequency, white noise dominates; 
below that frequency, flicker (I/f) noise is dom- 
inant. Low noise corner frequencies distin- 
guish low noise op amps from genera! 
purpose devices. 


SPECTRAL NOISE DENSITY 

To utilize Figures 8 and 9, let us consider the 
definition of spectral noise density: the 
square root of the rate of change of mean- 
square noise voltage (or current) with fre- 
quency Eq. 4A. 


en2 = 4 (E,)2 
dF (4A) 
i eee ©. 
in? = ae (1n)2 (4B) 
fH 
En = f en 2 GF 
f. (5A) 


fH 
In=V JS in* oF 
fl (5B) 
where @n, in = Spectral noise density 


En, In = Total rms noise 
fH = Upper frequency limit 
f. = Lower frequency limit 


Conversely, the rms noise value within a given 
frequency band is the square root of the defi- 
nite integral of the spectral noise density over 
the frequency band (Equation 5B). This 
means that three things must be known to 
evaluate total voltage noise (E,) or current 
noise (I,): fy, fL, and a knowledge of noise 
behavior over frequency. 


WHITE NOISE 


White noise sources are defined to have a 
noise content that is equal in each Hertz of 
bandwidth, and Equation 5B may be rewritten 
for white noise sources as: 

inv fH - fe 


En(w) = @n VtH - fL 


Info} oad 


(6) 


It is therefore convenient to express spec- 
tral noise density in V/\/Hz or A/\/Hz where 
fH - fL = 1Hz. When fH = 10 f, the white noise 
expressions may be further reduced to: 


En(w) = nv fy Info) = in fi (7) 


FLICKER NOISE & WHITE NOISE 


Since flicker noise content is equal in each 
decade of bandwidth, total flicker noise may 
be calculated if noise in one decade is 
known, The .1Hz to 1Hz decade noise con- 
tent (K) is widely used for this purpose 
because the white noise contribution below 
10Hz is usually negligible. 


=ekKJ! oinak Jt 
f 


f (8a and b) 


En(f) 


When substituted in Equation (3), the expres- 
sions may be rewritten to: 


enn =k Vin ($2) 2) in = In (4 
f. 


(9a and b) 


When corner frequencies are known, sim- 
plified expressions for total voltage and 
current noise, (En and In), may be written: 


fH 
En(fH ~ fl) = @n Vice ln (——} + (fH - fr) 
(* ) (10) 


In(fig - fi) == i, Fie Ir (ie + (fry - fl) 
(11) 


AL 


where: €n= White noise voltage in a 1Hz 
bandwidth 
in = White noise current in a 1Hz 
bandwidth 
fce = Voltage noise corner frequency 
fci = Current noise corner frequency 
fH = Upper frequency limit 
fL = Lower frequency limit 


The two most important internally generat- 
ed noise minimization rules are: limit the 
circuit bandwidth and use operational am- 
plifiers with low corner frequencies. 


NOISE SUMMATION 


in the spectral density discussions, the con- 
cepts of white noise and flicker noise were 
introduced. In Figure 10, the complete input- 
referred op amp noise model, internal white 
and flicker noise sources are combined into 
three equivalent input noise generators, E,, 
In1 and Inyo. The noise current generators pro- 
duce noise voltage drops across their respec- 
tive source resistors, Rs, and Rg . The 
source resistors themselves generate thermal 
noise voltages, E,, and Ey. Total rms input 
referred voltage noise, over a given band- 
width, is the square root of the sum of the 
squares of the five noise voltage sources over 
that bandwidth. 


Ent(fy - fi) = (12) 


VEN2 + (int: Rgi2 HUN2: Reale + Ey? + Ee 
THERMAL NOISE 


Thermal (Johnson) noise is a white noise 
voltage generated by random movement of 
thermally-charged carriers in a resistance; 
in op amp Circuits this is the type of noise 
produced by the source resistances in se- 
ries with each input. Its rms value over a 
given bandwidth is calculated by: 


Er = J 4kTR (fx - fi) 
Where: k = 


(13) 


Boitzman’s constant = 1.38 x 
10-23 joules/° K 

T = Absolute temperature, ° Kelvin 
R = Resistance in ohms 

fy = Upper frequency limit in Hertz 
f, = Lower frequency limit in Hertz 


At room temperature Equation 13 simplifies 
to: 


Er = 1.28 X 10-10 /RifH - fi) 


(14) 


To minimize thermal! noise (Er; and Era) from 
Rs1 and Rs2, large source resistors and 
excessive system bandwidth should be 
avoided. 


Thermal noise is also generated inside the 
op amp, principaily from rep, the base- 
spreading resistances in the input stage 
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transistors. These noises are included in En, 
the total equivalent input voltage noise gen- 
erator. 


SHOT NOISE 


Shot noise (Shottky noise) is a white noise 
current associated with the fact that current 
flow is actually a movement of discrete 
charged particles (electrons). In figure 10 !,, 
and lyo, above the 1/f frequency, are shot 
noise currents which are related to the ampli- 
fier’s DC input bias currents: 


Ish = ¥ 2qipias (fH - fu) 


where: Ilsn =RMS shot noise value in amps 
q = Charge of an electron = 1.59 x 
410-19 
IBias = Bias current in amps 
fH = Upper frequency limit in Hertz 
f_ = Lower frequency limit in Hertz 


(15) 


At room temperature Equation 15 simplifies 
to: 


Ish = 5.64 X 10-10 VIpias (fH - fu) 


Shot noise currents also flow in the input 
stage emitter dynamic resistances, (re), pro- 
ducing input noise voltages. These volt- 
ages, along with the rbp, thermal noise, 
make up the white noise portion of En, the 
total equivalent input noise voltage genera- 
tor. 


(16) 


FLICKER NOISE 


In limited bandwidth applications, flicker (1/f) 
noise is the most critical noise source. An op 
amp designer minimizes flicker noise by 
keeping current noise components in the 
input and second stages from contributing to 
input voltages noise. Equation 17 illustrates 
this relationship: 


in Second stage 


gin first stage 


= @r, input 
(17) 


OP AMP NOISE MODEL 


Figure 10 


IDEAL 
NOISELESS 
OP AMP 


Another critical factor is corner frequency. For 
minimum noise the current and voltage noise 
corner frequencies must be low; this is cru- 
cial. As shown in Figure 11 low noise corner 
frequencies distinguish low noise op amps 
from ordinary industry standard 741 types. 


POPCORN NOISE 


Popcorn noise (burst noise) is a momentary 
change in input bias current usually occur- 
ring below 100Hz, and is caused by imper- 
fect semiconductor surface conditions 
incurred during wafer processing. Minimi- 
zation of this probiem can be accomplished 
through careful surface treatment, general 
cleanliness, and a special three-step pro- 
cess known as “Triple Passivation”. 


Op amp manufacturers face a difficult deci- 
sion in dealing with popcorn noise. Through 
careful low noise processing, it can be sig- 
nificantly reduced in almost all devices; 
alternatively, the processing may be re- 
laxed, and finished devices must be individ- 
ually tested for this parameter. Special 
noise testing takes valuable labor time, adds 
significant amounts to manufacturing cost, 
and ultimately increases the price a custom- 
er has to pay. 


TOTAL NOISE CALCULATION 


With data sheet curves and specifications, 
and a knowledge of source resistance values, 
total input-referred noise may be calculated 
for a given application. To illustrate the 
method, noise information from a data sheet 
is reproduced in Figure 12. The first step is to 
determine the current and voltage noise cor- 
ner frequencies so that the Ey and |, terms of 
Equation 12 may be caicuated using Equa- 
tions 10 and 11. 


CORNER FREQUENCY DETER- 
MINATION 


im the input shot noise versus frequency 
curves of Figure 12, it may bé seen that volt- 
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age noise (R,=0) begins to rise at about 
10Hz. Lines projected from the horizontal 
(white noise) portion and sloped (flicker noise) 
portion intersect at 6Hz, the voltage noise cor- 
ner frequency (f,,). In the center curve, 
excluding thermal noise multiplied by 2000 is 
plotted as a voltage noise. Lines projected 
from the horizontal portion and sloped por- 
tions intersect at 60Hz, the current noise cor- 
ner frequency (f,). Equations 10 and 11 also 
require @,, and i, for calculation of Ey and Ix. To 
find €, and i,, use the data sheet specification 
a decade or more above the respective corner 
frequencies; in this case e, is 9.6 nV/./Hz 
(1000H2), and i, is 0.12 pA/./Hz (1000Hz). 


BANDWIDTH OF INTEREST 

To be summed correctly, each of the five 
noise quantities must be expressed over the 
same bandwidth, (fy - fl). At this time, as- 
sume fx to be the highest frequency compo- 
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nént that must be amplified without distor- 
tion. Note that en, in, corner frequencies and 
bandwidth are independent of actual circuit 
component values. When doing noise cal- 
culations for a large number of circuits 
using the same op amp, these numbers only 
have to be calculated once. 


TYPICAL APPLICATION EXAM- 
PLE | 

Figure 13a shows a typical X10 gain stage 
with a 10kQ source resistance. In Figure 13b, 
the circuit is redrawn to show five noise volt- 
age sources. To evaluate total input-referred 
noise, the values of each of the five sources 
must be determined. 


@n = 9.6 NV/J/HzZ 


In = .12 pA/VHz 
foe = 6Hz 
foi = 60HZ 


Using Equation 14: E, = / 4KTR (fy — f,) 
Et1 = 1.28 x 1010 \/ (9002) (100Hz) = 0.4uV rms 
Eto = 1.28 x 10-10 /(10KQ) (100Hz) = .128nV rms 
Next, calculate |), using Equation 11 
ie ta fee tr (") + (fa = fl) 
fL 


= .12pA V/ 60 In ra * (100 -0.01) 


0.01 Hz 


= 3.066pA rms 

and: 
Ini - Rs1 = 3.066pA (9000) = .0027uV rms 
In2° Rs2= 3.066pA (10kQ) = .0306uV rms, 


Finally, Ey from Equation 10 


En =€n V fee Ih (*) + (fy - f) 


fL 


= 9.6nV Je In (a + (100 - 0.01) 
0.01Hz 


= 0.120uV rms 
Substituting in Equation 12 
Ent (fH - fL) = 


JV En2 + Int2 Rs12 + (Ino Rsal2 + E12 + Et22 


= V/ (.120uV)2 + (.0027nV)2 + (.0306uV)2 
+ (04uV)2 + (.128nV)2 


= 0.183uVrms 


Using the factor of 6, totai input-referred 
noise = 1.1u4V peak to peak (0.01Hz to 
100HZz). 
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741 CALCULATION EXAMPLE 


The preceding calculation determined total 
noise in a given bandwidth using a low noise 
op amp. To place this level of performance 
into perspective, a calculation using the 
industry-standard 741 op amp in the circuit of 
Figure 13 is useful. Once again the starting 
point is corner frequency determination, 
using the data sheet curves: 


foe = 200HZ; foi = 2kHZ; en = 20NV/V/HZ; in = 


JpA/V/ Hz. 


Using these corner frequencies and noise 
magnitudes, E, and |, are calculated to be 
0.88uV rms and 68pA rms respectively. Multi- 
plying this noise current by the source resis- 
tance gives terms 2 and 3 of Equation 12 as 
shown below. 


Ent (fH - f= 
VJ En2 + 1n12 Rg12 + In22 Rg22 + E+12 + Et 22 
(12) 


Substituting in Equation 12 


= / OB8nVi2 + (O6TuVN2 + (.68uVI2 + (0.4nV12 
+ (.128uV2 | 


= 1.12nV rms 


Total input-referred noise = 6.7unV peak to 
peak (0.01Hz to 100HZz) 


This is 5.9 times that of the low noise op amp 
example. 


The calculation examples illustrate three 
rules for minimizing noise in operational 
amplifier applications: 


RULE 1. Use an op amp with low corner 
frequencies. 


RULE 2. Keep source resistances as low as 
possible. 


RULE 3. Limit circuit bandwidth to signal 
bandwidth. 


NOISE PERFORMANCE 

This segment shall be concerned with de- 
termining the signal to noise characteristics 
and the noise figure of amplifiers. 


The amplifier noise is composed of thermal 
noise generated in the base resistance shot 
noise caused by the arrival of discrete 
charges at diode junction and 1/f noise. 


For simplification these noise sources can be 


‘combined and the amplifier modeled by a 


noise source and a noiseless amplifier as in 
Figure 14. 


en = Amplifiers equivalent mean square 


noise voltage /\/ Hz 
in = Amplifiers equivalent mean square 
noise current/\/ Hz 


NOISE ANALYSIS CIRCUIT 


R2 


Res = tIR2 
S11 R1+ R2 


Rgo = R3 = 10K!) 


= 9002 


Figure 13a 


NOISE ANALYSIS 
EQUIVALENT CIRCUIT 


Ext 'niRs1 Eq 


= Fa IheRse 


Figure 13b 


The total output noise can now be computed 
by equation 8: 


et = (@n2 + in? Re2 + 4KTR,)/2B2 A rms volts 
(8) 
“assuming Rs small compared to amplifier 
input. 


‘If we now compare the total output noise to 


the output signal, A-Es, we find the output 
signal to noise ratio. 


Es 


S/N = 
(@n2 + in2 Rs2 + 4KTRs) 2B 


(13) 


The denominator of the S/N ratio is the total 
output noise divided by the midband gain or 


‘the equivalent input noise as shown on 


NE542 specification sheet. 


Ein = (@n2 + in2Rs2 + 4KTRs)¥2BY2 rms volts 
(14) 


The S/N ratio may now be computed inde- 
pendent of the amplifier gain. However, the 
gain should be chosen to maintain linear 
operation of the amplifier. For example: If 
the input signal to the NE542 is 400uV rms 
from a source resistance of 680 ohm witha 
bandwidth of 100Hz to 10kHz, the S/N ratio 
becomes, in dB: 


S/N = 20 log 400 # 


0.77uV 


= 54.3dB 
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*S = 4KTRs = 
ES (SIGNAL) ede hs a ss 


NOISELESS 
AMPLIFIER 


EX eee en ee eee es 


Figure 14 


An amplifier gain of 68dB yields an output 
signal voltage of 1V rms. 


For an input signal of 10mV rms, 40dB of 
gain, and 1V rms output, the NE542 gives a 
S/N ratio: 


S/N = 20 log 10:009 — ga 348 


0.77 


Another popular figure of merit for measur- 
ing the noise performance of an amplifier is 
noise figure. We first define noise factor (F) 
as 


c= Noise power input( Tot.) 


Thermal noise power 


in terms of voltage this can be expressed as: 


4AKTRs + (€n2 + in2Rgs2) 
= = 5.34, Rg = 6800 


4KTRs (15) 
The noise figure is now defined as: 
N.F. = 10 log F (dB) 
or 
N.F. = 10 log 4KTRs + en? + in@Rs?/ gp) 
4KTRs (16) 


A noiseless amplifier will, therefore, have a 
noise figure of “O” dB. Although the band- 
width has been eliminated from this calcula- 
tion, it is still an influencing factor on the 
noise figure since the value of en and ip will 
be dependent on the bandwidth of interest. 
This is especially true if I/f or high frequency 
noise is in this bandwidth. 


From Figures 15 and 16 we can calculate the 
noise figure. For the NE542 the noise figure 
for 100 Hz to 10Hz, 3dB bandwidth (15.7 kHz 


equivalent noise bandwidth) and a source 
resistance of 5K ohms is: 


N.F. = 10 log ( +en2 + =) 
4KTRS (17) 


NF =10log ( + 
| 75 X 10-18 


4X 1.38 X 1523 K 300° K Rs 
= 10 log x 


= 7.27@ Rs = 6800 
= 2.07@ Rs = 5KO 
= 1.25@ Rs = 10KN 


To this point, the discussion has been limit- 
ed to flat band response and no mention of 
the effect of equalization networks has been 
made. In instances where the gain of the 
amplifier is changing significantly across 
the frequency band of interest, as is the case 
for NAB and RIAA equalization, the noise 
performance is significantly improved. 


The following table lists the spectral voltage 
and current noise densities and the respec- 
tive corner frequencies for several different 


operational amplifiers and low noise pream- 
plifiers. 


where In = total current noise over a speci- 
fied bandwidth. 
En = total voltage noise over a speci- 
fied bandwidth. 
Et; = thermal (Johnson) noise of the 
source resistance. 
*Rs = equivalent input source (or gen- 
erator) resistance. 


NOTE 


If Rs is acompiex function, Zs, then this function must 
be calculated for the Rss mean of each bandwidth 
considered. For example the input is a capacitor in 
parallel with a resistor, the input impedance is there- 
fore: 


R 
Zin el coke 


1+ jwCR 


Therefore as the frequency varies the abso- 
lute value of Zin will vary and will affect the 
INRs*, input noise value. 


GENERAL EQUATIONS 
Total Spectral Voitage Noise 


En (fH- fo) = env fce In (“) + (fy - fr) 
fL 


(18) 


In (fH- f,) = inv ferln (=) (fH ~- fi) 
fL 


(19) 
Thermal 
E: = 4 KTR (fy - fc) 
K = 1.38 X 10-23 joules/°K (20) 


T =abs. temp in °K 
= ohms 
ft = 1.28 10-10 / Rif - fL) at Room Temp. 


Shot at Room 


IsH = 5.64 X 10-10 V/ Ibias (fH - ft) 


(21) 
Total Noise* 


fH 
ENT) = VEn2+(In Rs1)2+In2 Rs22+ Et12+ Ero2 
ft (22) 


SPECTRAL VOLTAGE AND CURRENT NOISE DENSITIES 


en (nv/\/Hz) 
in (pa/\/Hz) 
En fce (Hz) 
in foi (Hz) 


LM387 


29 
800 
700 


9 
0.7 
850 

2 


TABLE 2 


NOTES 


1. The current spectral noise is omitted for the LF series since current noise levels in J-FET devices are 


insignificant. 


2. The spectral current noise for the LM387 is relatively linear over the frequency spectrum of 100Hz to 


10 kHz and is not specified below 100Hz. 
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INPUT NOISE CURRENT VS. FREQUENCY 


Hz) 


INPUT NOISE CURRENT (pA/ 


FREQUENCY (Hz) 


Figure 15 


TOTAL NOISE CONFIGURATION 


Figure 17, 


Example: 


In order to determine the total noise of any 
device the following basic procedures can 
be used. 


1. Determine the spectral voltage noise 
value @n and the 3dB corner frequency. 
(If the value is not listed, but a curve 
given, the spectral noise value will be 
that value above the 3dB corner frequen- 
cy on the flat portion of the curve.) 

2. Determine the spectral current noise 
value in and the 3dB corner frequency. 
(The same note holds true as for the 
spectral voltage noise, except that the 
corner frequencies are generally not the 
same). 

3. Determine the thermal noise of the input 
port source resistances by using the 
basic equal at room temperature of 


Er = 1.28 < 10-10 VR /\/Hz 
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INPUT NOISE VOLTAGE VS. FREQUENCY 


ees tk pis reps ip et 


Baile 
Seas Bee 
ae ae et 


Hz) 


INPUT NOISE VOLTAGE (nV/ 


4. Using Equation 1, 2, and 4 and using Fig- 


ure 1 as a basic block, we then can deter- 
mine the total current and voltage noise at 
the input ports. 

5. Employing Equation 5 we can then de- 
termine the total RSS voltage noise re- 
ferred to the input of the amplifier. 

6. If the closed loop gain of the system is 
known, then the total output noise is 
then 

ENout = ENin X ACL 

Given: From Table 2, the NE5534 operating 

over the range of 10Hz to 1kHz and 1kHz to 

10kHz, with Rg = 10k: determine total input 
noise over each bandwidth. 


foe In fH + (fy - fi) 


En (fx - fi.) = en 
f. (18) 


fot tn 1B + (fH - fl) 
is (19) 


In (fH - fi) = in 


Et = 1.28 X 10-10 /Rify - fi) 
fx 
= (En)2 + (IntRs12 + (E2 


fi (22) 


(21) 


ENT 


For the first band (10Hz to 1kHz) 


En = 4 x 10-9 V 90 1n (100) + (990) = 
INRs = .6 X 10-12 \/ 200 1n (100) + (990) x (104) = 


.26uV rms 


15uV rms 


Er = 1.28 x 10-8 ¥ 990 = 0.4uV rms 


se 
=\/ (EN)2 + (InRs)2 + Er? = 0.50uV rms 


oar 


FREQUENCY.-Hz 


Figure 16 


Using the factor of 6 


fnoise p-p = 3.00xV p-p will never be exceeded in 
99.73% of all cases. 


For the second band (1kHz to 10kHz) 


“En = 4X 10-9 ¥ 9000 = .38uV rms 
= .6 X 10-12 Vf 9000 x (104) = 
, Et = 1.28 X10-10 V 104 (9000) = 1.21nV rms 


NOTE 
* For frequencies above 1kHz only white noise is a 
consideration. 


*INRS 58uV rms 


10KHz 


= J (.38)2+(.57)2+(1.21)2 uv rms 


1kHz 


ETH 


10kHz 


= \/1.39uV rms 


RSS 1kHz 


ETH = 8.34uV p-p 
max 


CONCLUSION 


The designer should look at the previous 
application note as a reasonable approach 
to determine system noise levels. The varia- 
tions of parameters, such as resistance 
values, temperature, bandwidth are control- 
lable by design procedure; however, the 
parametric variations of the monolithic op 
amps are controlled by the IC manufacturer. 
Signetics manufactures a wide variety of 
operational amplifiers designed to meet all 
contingencies. 
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NE5534 NOISE CHARACTERISTICS 


Vn (rms) 
(nV/\/ Hz) 


103 4442) 104 
INPUT NOISE VOLTAGE DENSITY 


10 
Vn (rms) SE/NE5534 


(nV// HZ) 495 TYPICAL 
VALUES 


10° 
10 102 103 1404 105 
TOTAL INPUT NOISE DENSITY 


Vn(rms) 
(uV) 


RS(Q) 


Figure 18 


103 «(Hz) 104 
INPUT NOISE CURRENT DENSITY 


NE5534 
TYPICAL 
VALUES 


BROADBAND INPUT NOISE VOLTAGERS(!)) 
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VIDEO AMPLIFIER PRODUCTS 
NE/SE592 Video Amplifier 


The 592 is a two stage differentia! output, 
wideband video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 


Three basic gain options are provided. 
Fixed gains of 400 and 100 result from 
shorting together gain select pins Gia — 
Gis and G2a—Gep respectively. As shown 
by Figure 1 the emitter circuits of the differen- 
tial pair return thru independent current 
sources. This topology allows no gain in the 
input stage if all gain select pins are left open. 
Thus the third gain option of tying an exter- 
nal resistance across the gain select pins 
allows the user to select any desired gain 
from 0 to 400 volts per voit. The advantages of 
this configuration will be covered in greater 
detail under the filter application section. 


Three factors should be pointed out at this 
time: 


1. The gains specified are differential. 
Single ended gains are one half the stated 
value. 


2. The circuit 3dB bandwidths are a func- 
tion of and are inversely proportional to 
the gain settings. 


3. The differential input impedance is an 
inverse function of the gain setting. 


In applications where the signal source isa 
transformer or magnetic transducer the 
input bias current required by the 592 may 
be passed directly thru the source to 
ground. Where capacitive coupling is to be 
used, the base inputs must be returned to 
ground through a resistor to provide a dc 
path for the bias current. 


Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis- 
tors should be large, but to minimize the 
output dc offset, they should be small — 
— ideally O ohms. Their maximum value is set 
by the maximum allowable output offset 
and may be determined as follows: 


1. Define the allowable output offset (as- 
sume 1.5V). 


2. Subtract the maximum 592 output offset 
(from the data sheet). This gives the out- 
put offset allowed as a function of input 
offset currents (1.5V — 1.0V = 0.5V). 


3. Divide by the circuit gain (assume 100). 
This refers the output offset to the input. 


4. The maximum input resistor size is: 
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Ree Input Offset Voltage (1) 


Max Input Offset Current. 


= 1.00kQ2 


Of paramount importance during the design 


of the NE592 device was bandwidth. In a 


monolithic device, this precludes the use of 
pnp transistors and standard level shifting 
techniques used in lower frequency de- 
vices. Thus without the aid of level shifting 
the output common mode voltage present 
on the NES592 is typically 2.9 volts. Most 
applications, therefore, require capacitive 
coupling to the load. An exception to the 
rule is a differential amplifier with an input 
common mode range greater than +2.9V as 
shown in Figure 2. In this circuit, the NE592 
drives a NE511B transistor array connected 
as a differential cascode amplifier. This ampli- 
fier is capable of differential output voltages 
of 48V peak-to-peak with a 3dB bandwicth of 
approximately 10MHz (depending on the 
capacitive load). For optimum operation, R11 is 
set for a no signal level of + 18V. The emitter 
resistors, Re, were selected to give the cas- 
code amplifier a differential gain of 10. The 
gain of the composite amplifier is adjusted at 
the gain selected point of the NE592. 


Filters 
As mentioned earlier, the emitter circuit of 
the NE592 includes two current sources. 


Since the stage gain is calculated by divid- 
ing the collector load impedance by the 
emitter impedance, the high impedance 
contributed by the current sources causes 
the stage gain to be zero with all gain select 
pins open. As shown by the gain vs. fre- 
quency graph of Figure 3 the overail gain at 
low frequencies is a negative 48dB. 


Higher frequencies cause higher gain due 
to distributed parasitic capacitive react- 
ance. This reactance in the first stage emit- 
ter circuit causes increasing stage gain until 
at 10MHz the gain is OdB or unity. 


Referring to Figure 4, the impedance seen 
looking across the emitter structure includes | 
small r, of each transistor. 

Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is ap- 
proximately 2mA causing the quantity of 2 
re to be approximately 32 ohms. Overall 
device gain is thus given by 


Vo(S) 


1.4 X 104 
Vin‘) (2) 


Zs) + 32 


where Zs) can be resistance or a reactive 
impedance. Table 2 summarizes the possible 
configurations to produce low, high, and 
bandpass filters. The emitter impedance is 
made to vary as a function of frequency by 
using capacitors or inductors to alter the fre- 
quency response. Included also in Table 2 is 
the gain calculation to determine the voltage 
gain as a function of frequency. 


PARAMETER NE/SE592 733 
BANDWIDTH 120 120 


(MH 7) 


Vpp 
(VOLTS) 


4-30 


4.0 


Table 1 VIDEO AMPLIFIER COMPARISON FILE 
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592 INPUT STRUCTURE 


V- 


All resistor values are in ohms. 


Figure 1 


VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 


VOLTAGE GAIN - d8 


FREQUENCY (MH2) 


Figure 3 


Differentiation 


With the addition of a capacitor across the 
gain select terminals the NE592 becomes a 
differentiator. The primary advantage of 
using the emitter circuit to accomplish dif- 
ferentiation is the retention of the high 


VIDEO AMPLIFIER WITH HIGH 
LEVEL DIFFERENTIAL OUTPUT 


inpuT O-—— 


All resistor values are in ohms. 


Figure 2 


: 


Z NETWORK TYPE Vy (s) FUNCTION 


R 
O——~VA TTIW ——0o LOW PASS 


HIGH PASS 


R 
R L 
ladles — 
R 
— 


1.4 x 104 s 
R s+ 1/RC 


1.4 x 104 5 
L s2+R/Ls+ 1/LC 


14104 | 
R 


s2+1/LC | 
s2 + 1/LC + s/RC 


NOTE: In the networks above, the R value used is assumed to include 2 re, or 


Table 2 FILTER NETWORKS 


approximately, 32 ohms. 


common mode noise rejection. Disc file 
playback systems rely heavily upon this 
common mode rejection for proper opera- 
tion. Figure 5 shows a differential amplifier 
configuration with transfer function. 


Disc file Decoding 

In recovering data from disc or drum files, 
several steps must be taken to pre-condition 
the linear data. Tne NE592 video amplifier, 
coupled with the 8T20 bi-directional one- 
shot, provides all the signal conditioning 
necessary for phase encoded data. 


When data is recorded on a disc, drum or 
tape system, the readback will be a Gaus- 


sian shaped pulse with the peak of the pulse 
corresponding to the actual recorded trans- 
ition point. This readback signal is usually 
500xuV p-p to 3mV p-p for oxide coated disc 
files and 1 to 20mV p-p for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gaus- 
sian readback signal must be determined. 


The classical approach to peak-time deter- 
mination is to differentiate the input signal. 
Differentiation results in a voltage propor- 
tional to the slope of the input signal. The 
zero-crossing point of the differentiator, 
therefore, will occur when the input signal is 
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BASIC GAIN CONFIGURATION 
FOR NE592, N14 


104 
4x1 

a a aE re 
= 1.4104 
Z(s) + 32 


Figure 4 


at a peak. Using a zero-crossing detector 
and one-shot, therefore, results in pulses 
occurring at the input peak points. 


A circuit which provides the pre- 
conditioning described above is shown in 
Figure 6. Readback data is applied directly to 
the input of the first NE592. This amplifier 
functions as a wideband ac coupied amplifier 
with a gain of 100. The NE592 is excellent for 
this use because of its high phase linearity, 
high gain and ability to directly couple the unit 


*700 AC 
PRE-AMPLIFIER 


All resistor values are in ohms 
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LINEAR PHASE 
LOW PASS FILTER 


DIFFERENTIAL WITH HIGH 
COMMON MODE NOISE REJECTION 


For frequency Fy << 1/2 (32)C 
dvi 
Vo =1.4 X 104C =— 
a) Cc aT 


All resistor values are in ohms. 


Figure 5 


with the readback head. By direct coupling of 
readback head to amplifier, no matched termi- 
nating resistors are required and the excel- 
lent common mode rejection ratio of the 
amplifier is preserved. DC components are 
also rejected because the NE592 has no gain 
at dc due to the capacitance across the gain 
select terminals. 


5MHz PHASE—ENCODED DATA 
READ CIRCUITRY 


O.1yF 


DIFFERENTIATOR 


Figure 6 


Toate nt a een eRe nya onsen epee Hate OU PamN TREN eNIenA roe ate 


The output of the first stage amplifier is 
routed to a linear phase shift low pass filter. 
The filter is a single stage constant K filter, 
with a characteristic impedance of 2009. 
Calculations for the filter are as follows: 


L = 2R/wc Where R = characteristic impedance 
(ohms) 


C = 1/wc wt = cutoff frequency (radians/sec) 


The second NE5Q2 is utilized as a low noise 
differentiator/amplifier stage. The NE592 is 
excellent in this application because it al- 
lows differentiation with excellent common 
mode noise rejection. 


The output of the differentiator/amplifier is 
connected to the 8T20 bi-directional mon- 
ostable unit to provide the proper pulses at 
the zero-crossing points of the differentia- 
tor. 


The circuit in Figure 6 was tested with an 


signal. The results are shown in Figure 8. 


Automatic Gain Control 

The NES92 can also be connected in con- 
junction with a MC1496 balanced modula- 
tor to form an excellent automatic gain 
control system. 


DIGITAL 
OUTPUTS 


BIDIRECTIONAL 
ONE -SHOT 
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All resistor values are in ohms. 


ere errant rr PP es SCA RP A en en reg NS SPAY A RE-TYPE 


The signal is fed to the signal input of the 
MC1496 and RC coupled to the NE592. 
Unbalancing the carrier input of the 
MC1496 causes the signal to pass thru 
unattenuated. Rectifying and filtering one 
of the NES92 outputs produces a dc signal 
which is proportional to the ac signal ampii- 
tude. After filtering this control signal is 
applied to the MC1496 causing its gain to 
change. 


WIDE BAND AGC AMPLIFIER 


Figure 7 
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TEST RESULTS OF DISC 
FILE DECODER CIRCUIT (FIGURE 5-108) 


“YT PRE-AMPLIFIER OUTPUT 


My OIFFERENTIATOR 
200 mV ‘dev 


PRE-AMP and DIFFERENTIATOR 
SUPER IMPOSED 


Both 200 mV/dw 


DIFFERENTIATOR 
200 mV/div 


8T20 O OUTPUT 
2 Vidw 


TIME BASE 200 nsidiv 


Figure 8 
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NE5539 DESCRIPTION 


The Signetics SE/NE5539 ultra-high fre- 
quency operational amplifier is one of the 
fastest monolithic amplifiers made today. 
With a unity gain bandwidth of 350MHz 
and a slew rate of 600V/us, it is second to 
none. Therefore, it is understandable that 
to attain this speed, standard internal 
compensation would have to be left out of 
its design. As a consequence, the op amp 
is not unconditionally stable for ail closed- 
loop gains and must be externally com- 
pensated for gains below 17dB. Properly 
done, compensation need not limit slew 
rate. The following will explain how to use 
the methods available with the SE/NE5539. 


LEAD AND LAG-LEAD 
COMPENSATION 


A useful method for compensating the 
device for closed-loop gains below seven 
is to use lag-lead and lead networks as 
shown in Figure 1. The lead network is pri- 
marily concerned with compensating for 
loss of phase margin caused by distrib- 
uted board capacitance and input capaci- 
tance, while lag-iead is mainly for optimiz- 
ing transient response. Lead compensa- 
tion modifies the feedback network and 
adds a zero to the overall transfer func- 
tion. This increases the phase, but does 
not greatly change the gain magnitude. 
This zero improves the phase margin. 


To determine components, it can be 
shown that the optimal conditions for 
amplifier stability occur when: 


(R1) (Cgist) = (Re) (Creag) (1) 


However, when the stability criteria is ob- 
tained, it should be noted that the actual 
bandwidth of the closed-loop amplifier 


LAG LEAD 
Ri 


INVERTING 


will be reduced. Based on using a double- 
sided copper-clad printed circuit board 
with a distributed capacitance of 3.5pF 
and a unity gain configuration, C,.44 would 
be 3.5pF. Another way of stating the rela- 
tionship between the distributed capac- 
itance closed-loop gain and the lead 
compensation capacitor is: 


R1 


Ciead = Cuist (2) 
When bandwidth is of primary concern, 
the lead compensation will usually be ade- 
quate. For closed-loop gains less than 
seven, lag-lead Compensation is neces- 
sary for stability. 


lf transient response is also a factor in 
design, a lag-lead compensation network 
may be necessary. (Reference Figure 1.) 
For practical applications, the following 
equations can be used to determine 
proper lag-lead components: 


easG 4 
—_——— > 
RwVRiag (4) 
Therefore, 
R = 5 
ao 7 AeRs ©) 


Using the above equation wiil insure a 
closed-loop gain of seven above the net- 
work break frequency. Ci,g may now be 
approximated using: 


27(GBW) 

lag = aT a Rad/Sec (6) 
n(GBW) 

lag = care ats Rad/Sec (7) 


NON-INVERTING 


Figure 1. Standard Lag-Lead 
Compensation 


Where 
1 
ig = (Riag)(Ciag) 8) 
Therefore, 
m(GBW) 1 
~—B Riag)(Ciag) 2 
And 
S 


Cag = TRiag(GBW) a 
This method adds a pole and zero to the 
transfer function of the device, causing 
the actual open-loop gain and phase curve 
to be reshaped, thus creating a progres- 
sive improvement above the critical fre- 
quency where phase changes rapidly. 
(Near 7OMHz; see Figures 2A and 2B.) But 
also, the lag-lead network can be adjusted 
to optimize gain peaking for transient 
responses. Therefore, rise time, over- 
shoot, and settling time can be changed 
for various closed-loop gains. The result 
of using this technique is shown for a 
pulse amplifier in Figure 3. 


LAG-LEAD 
COMPENSATION 
WILL CONTROL 
GAIN PEAKING , 


(GAIN 
» PEAKING) 


TOMHz 


Figure 2A. Closed-Loop inverting 
Gain of Seven Gain-Phase Response 
(Uncompensated) 


0° 
- 40 
~ 80 
- 120 


— 160 


~ 200 


— 240 


— 280 


1MHz 10MHz 100MHz 1GHz 


Figure 2B. Open-Loop Phase 
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SMALL SIGNAL RESPONSE 


meen 100mV/DIV 


eee 10ns/DIV 


Figure 3. Compensated Pulse Response 


INVERTING 


Figure 4. Pin 12 Compensation 


INVERTING 


Figure 5. Pulse Response Test Circuits 
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USING PIN 12 COMPENSATION 


An alternate method of external compen- 
sation is obtained by use of the SE/ 
NE5539 frequency compensation pin. The 
circuits in Figure 4 show the correct way 
to use this pin. As can be seen, this 
method saves the use of one capacitor as 
compared to standard lag-lead and lead 
compensation as shown in Figure 1. 


But, most important, both methods are 
equally effective; i.e., a good wideband 
amplifier below 17dB, with control over 
ringing and overshoot. For example, in- 
verting and non-inverting amplifier circuits 
using pin 12 are shown in Figure 5. The 
corresponding pulse response for each 
circuit is shown in Figures 6 and 7 for the 


NON-INVERTING 


NON-INVERTING 
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CRITICALLY DAMPED 


RISE TIME ~2.4ns 
Ro = 1180 — Co = 4.6pF 


p 
PROPAGATION DELAY = 2.3ns 


(a) 


UNDER DAMPED 


100mV/DIV 


10ns/DIV 


RISE TIME —2.1ns 
Ro = 200 — Cc = 5.4pF 
PROPAGATION DELAY = 2.3ns 


{b) 


Figure 6. Small Signal Response — Non-inverting 


CRITICALLY DAMPED 


INPUT 
OUTPUT 


RISE TIME 5.3ns 
Ro = 2260 — Co =2.3pF 
PROPAGATION DELAY = 5.1ns 
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Figure 7. Smali Signal Response — Inverting 


Figure 8. Co Will Reduce Output 
Offset and Noise 


network values recommended. As shown 
by the response photos, the overshoot 
and settling time can be controlled by ad- 
justing Re and Co. In damping the over- 
shoot, rise time is slightly decreased. 
Also, the non-inverting configuration (Fig- 
ure 6) gives avery fast response time com- 
pared to the inverting mode. 


if it is important to reduce output offset 
voltage and noise, an additional capacitor, 
Co, can be added in series with the resis- 
tor (R-) across the inputs. This should bea 
large value to block DC but not affect the 
benefits of the compensation compo- 
nents at high frequencies. A value of 
0.01nF as shown in Figure 8 is sufficient. 


INTERNAL CHARACTERISTICS 
OF THE SE/NE5539 


In order to better understand the compen- 
sation procedure, a detailed discussion of 
the amplifier follows. 


The complete amplifier schematic is 
shown in Figure 9. To clarify the effect of 
the compensation pin, the schematic is 
split into five main parts as shown in 
Figure 10. 


Each segment in Figure 10 is defined as 
follows: starting from the non-inverting in- 
put, Section A, is the amplification from 
the input to the base of transistor Q,. Ag is 
from the base of Q, to the summation 
point at the collector of Q3. Furthermore, 
A; represents the gain from the non- 
inverting input to the summation point via 
the common emitter side of Q, and Q3. 
Finally, Be is the feedback factor of the 
positive feedback loop from the collector 
of Q, to the base of Q,. 


From Figure 10, it can be seen that the 
total gain (Az) is: 


Ay Ap 
1 — (BrAg) 


Each term in this equation plays a role at 
different frequencies to determine the 
total transfer function of the device. Of 
particular importance is the pole in A, 
(near 340MHz) which causes a roll-off of 
12dB/octave and loss of phase margin just 
before unity gain. This can be seen in the 
Bode plot in Figure 11A. To overcome this 
pole, a capacitor and resistor are con- 
nected as shown in Figures 12A and 12B. 
The compensation pin is connected to the 
emitter of Qs, which is in an emitter- 
follower configuration. Therefore, a reac- 
tance connected to pin 12 acts essentially 
as if it were connected at the base of Qe. 
Since the capacitor is connected here, it is 
now a component of Be and a zero is 


A; + Ag(1+ BrAg) 


added to the transfer function. The resis- . 


tor across the input pins controls overall 
gain and causes A; to cross 0dB at a lower 
frequency; the capacitor in the feedback 
loop controls phase shift and gain peak- 
ing. 


To further explain, Bode plots of open- 
loop response using varying capacitor val- 
ues and corresponding pulse responses 
are shown in Figures 13A through 13F. The 
changes in gain and phase can readily be 
seen, as is the effect on bandwidth. 


COMPUTER ANALYSIS 


The open-loop and pulse response plots 
were generated using an IBM 370 com- 
puter and SPICE, a general-purpose circuit 
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Figure 11B. Closed-Loop Non-Inverting | 


Response — No Compensation 
(Computer Simulation — 
Oscillation is Evident) 


simulation program. Each transistor in the 
part is mathematically modeled after 
actual device parameters, which were 
measured in the laboratory. Then these 
models are combined with the resistors 
and voltage sources through node num- 
bers so that the computer knows where 
each is connected. 


To indicate the accuracy of this system, 
the actual open-loop gain is compared to 
the computer plots in Figures 14 and 15. 
The real payoff for this system is that once 
a credible simulation is achieved, any out- 
side circuit can be modeled around the op 
amp. This would be used to check for fea- 
sibility before breadboarding in the lab. 
The internal circuit can be treated like a 
black box and the outside circuit program 
altered to whatever application the user 
would like to examine. 
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Figure 12B. Pin 12 Compensation Showing Internal Connections — Non-Iinverting 
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Figure 14. Actual Open-Loop Gain 
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Figure 13C. Open-Loop Pin 12 
Compensation — 
Ro = 2000, Co = 2pF 
(Computer Simulation) 
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Figure 13D. Closed-Loop Non-inverting 
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Figure 13E. Open-Loop Pin 12 
Compensation — 
Re = 200), Co = 3pF 
(Computer Simulation) 
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Figure 13F. Closed-Loop Non-inverting 


Pulse Response — 
Re = 200°), Cc = 3pF, Ay = 3 
(Computer Simulation — 
Overdamped) 
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Conceptually, three basic approaches exist 
for obtaining regulated DC voltage from an 
AC power source. These are: 

e Shunt regulation 

e Series linear regulation 

e Series switched mode regulation 


All required AC power line rectification 


The series switched mode regulators will be 
referred to as switched mode power supplies 
or SMPS during the course of this article. 


Briefly stated, if all three types of regulation 
can perform the same function, following 
are some of the key parameters to be ad- 
dressed: 


e From an economical point of view, cost 
of the system 1s paramount. 

e From an operations point of view, weight 
of the system is critical. 

e Fromadesign criteria, system efficiency 
is the first order of business. 


The series and shunt regulators operate on 
the same principle of sensing the DC output 
voltage, comparing to an internal reference 
level and varying a resistor (active device) to 
maintain the output levels within pre- 
specified limits. 


Switched mode power supplies (SMPS) are 
basically DC to DC converters, operating at 
frequencies in the 20kHz and higher region. 
Basically the SMPS is a power source which 
utilizes the energy stored during one por- 
tion of its operating cycle to supply power 
during the remaining segment of its operat- 
ing cycle. 


Linear regulators, both shunt and series, 
suffer when required to supply large cur- 
rents with resultant high dissipation across 
the regulating device. Efficiency suffers 


(a) CONVENTIONAL SUPPLY - 45% EFFICIENCY 


tremendously. (Efficiencies less than 40% 
are typical.) 


Switched mode power supplies operate at 
much higher levels of efficiency (generally 
in the order of 75% to 80%) thereby reducing 


significantly the energy wasted in the regu- 


lated supply. The SMPS does, however, 
suffer significantly in the ripple regulation it 
is able to maintain as opposed to a much 
higher degree of regulation available in 
series (or shunt) linear regulators. 


The linear regulators obtain improved regu- 
lation by virtue of the series pass elements 
always conducting, as opposed to SMPS 
devices having their active devices operat- 
ive only during a portion of the overall 
operating period. 


Some definitions and comparisons between 
linear regulators and switched mode power 
supplies are below for reference. 


REGULATION 

Line Regulation: 

(Sometimes referred to as static regulation) 
refers to the changes in the output (as a per- 
cent of nominal or actual value) as the input 
AC is varied slowly from its rated minimum 
value to its rated maximum value (eg. from 
105VACams to 125VACrums). 


Load Regulation: 

(Sometimes referred to as dynamic regula- 
tion) refers to changes in output (as a percent 
of nominal or actual value) when the load con- 
ditions are suddenly changed (eg. minimum 
load to full load.) 

NOTE 

The combination of static and dynamic regulation are 


cumulative: care should be taken when referring to 
the regulation characteristics of a power supply. 


LOSSES IN REGULATED POWER SUPPLIES 


LINEAR OUTPUT 
REGULATOR 


Figure 1 


nortan ter nn pre 


Thermal Regulation: 
Referred to as changes due to ambient 
variations or thermal drift. 


TRANSIENT RESPONSE 

The ability of the regulator to respond to rapid 
changes in either line variations, load varia- 
tions, or intermittent transiet input conditions. 
(This parameter is often referred to as ‘‘recov- 
ery time.”) 


AC PARAMETERS 

Voltage Limiting: 

The regulator's ability to “shut down” in the 
event that the internal control elements fail 
to function properly. 


Current Limiting: 

Often referred to as “fold-back” where the 
amplifier segment of the regulator folds 
back the output current of the device when 
safe operating limits are exceeded. 


Thermal Shutdown: 

The regulator's ability to shut itself down 
when the maximum die temperature is ex- 
ceeded. 


GENERAL PARAMETERS 

Power Dissipation: 

The maximum power the regulator can tol- 
erate and still maintain operation within the 
safe operating area of its active devices. 


Efficiency: 

The ratio (in percent) of the usable versus 
total power being dissipated in a regulated 
supply. (The losses can be ac as well as dc 
losses.) 


MAINS 
iSOLAT- 
tNG ANO 
ENERGY 
STORAGE 
ELEMENT 


j OUTPUT 


REGULATING | 
tswitcn | 
| TRANSISTOR)| 
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EMI/RFI: . 
Generation of radio frequency interference 
signals and magnetic field disturbance espe- 
cially in SMPS devices. (Transformer and 
choke design are available which reduce both 
RFI & EMI to safe acceptance regions.) 


The balance of this section will be dedicated 
to the discussion of the general operation of 
Switched Mode Power Supplies (SMPS) 
with emphasis on the Signetics NE5560 
Control and Protection Module. 


Switched-mode power supplies (SMPSs) 
have gained much popularity in recent 
years because of the benefits they offer. 
They are used now on a large scale in desk 
calculators, computers, as instrumentation 
supplies, etc., and it is confidently expected 
that the market for this type of supply will 
grow. 


The advantages of SMPSs are low weight 
and small size, high efficiency, wide AC 
input voltage range, and low cost. 


e Low weight and small size are possible 
because operation occurs at a frequency 
beyond the audible range; the inductive 
elements are small. 

e High efficiency because, for output reg- 
ulation, the power transistor is switched 
rapidly between saturation and cut-off 
and therefore has little dissipation; this 
eases heatsink requirements, which also 
contributes to. weight and volume reduc- 
tion. Conventional linear-regulator sup- 
plies may have efficiencies as low as 
50%, or less, but efficiencies of 80% are 
readily achievable with SMPSs; see fig- 
ure 1... 

e Wide AC input voltage range because of 
the flexibility of varying the switching 
frequency in addition to the change in 
transistor duty cycle makes voltage ad- 
aptation unnecessary. 

e Low overall cost, due to the reduced 
volume and dissipation, means that less 
material is required and smaller semi- 
conductor devices suffice. 


Switched-mode power supplies also have 
slight disadvantages in comparison with 
linear regulators, namely, somewhat great- 
er circuit complexity, tendency to r.f.1. radi- 
ation, slower response to rapid load 
changes, and less ability to remove output 
ripple. 


HOW SWITCHED-MODE POWER 
SUPPLIES OPERATE 


The switched-mode power supply is a mod- 
ern version of its forerunner, the electrome- 
chanical vibrator used in the past to supply 
car radios. But the new concept is much 
more reliable because of the far greater life- 


8-238 
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Figure 2 


time of the transistor switch. Figure 2 shows 
the principle of the ac fed SMPS. In this sys- 
tem the ac voltage is rectified, smoothed, and 
supplied to the electronic chopper, which 
operates at a frequency above the audible 
range to prevent noise. The chopped dc volt- 
age is applied to the primary of a transformer, 
and the secondary voltage is rectified and 
smoothed to give the required dc output. The 
transformer is necessary to isolate the output 
from the input. Output voltage is sensed by a 
control circuit, which adjusts the duty cycle of 
the switching transistor, via the drive circuit, 
to keep the output voltage constant irrespec- 
tive of load and line voltage changes. Without 
the input rectifier, this system can be oper- 
ated from a battery or other dc source. 


Depending on the requirements of the 
application, the dc-to-dc converter can be 
one of the three basic types: flyback convert- 
er, forward converter, or push-pull (bal- 
anced) converter. 


The Flyback Converter 


Figure 3 shows the flyback converter circuit, 
and the waveforms of transistor voltage, Vog, 
and choke current, i,, reflected to the primary 
(choke double-wound for line isolation). Cycle 
time and transistor duty cycle are denoted T 
and 6, respectively. While Q1 conducts, 
energy is accumulated in the choke magnetic 
field (i, rising and D, reversed biased), and it 
is discharged into the output capacitor and 
the load during the flyback period, that is, 
while Q1 is off (i, falling and D, forward 
biased). During Q1 conduction, C, continues 
delivering energy to the load so providing 
smoothing action. It will be noted that only 
one inductive element is needed, in distinc- 


tion to the converter types discussed below, 


which require two. As the Voce waveform 
shows, the peak collector voltage is twice the 
input voltage, V;, for 6 equal to 0.5. 


The Forward Converter 


A major advantage of the forward converter, 
particularly for low output voltage applica- 
tions, is that the high-frequency output ripple 
is limited by the choke in series with the out- 
put. Figure 4 illustrates the circuit. During the 
transistor-on (or forward) period, energy is 
simultaneously stored in the choke Lo and 
passed via D, to the load. While Q1 is off, part 
of the energy accumulated in Lo is transfer- 
red to the load through free-wheeling diode 
D>. Output capacitor Cg smoothes the ripple 
due to transistor switching. After transistor 
turn-off, the magnetic energy built up in the 
transformer core is returned to the dc input 
via the demagnetizing winding (closely coup- 
led with the primary) and Dz, so limiting the 
peak collector voltage to twice the input volt- 

age V,. | 


The Push-Pull Converter 


This converter type, given in Figure 5, con- 
sists of two forward converters operating in 
push-pull. Diodes D, and Dp» rectify the rec- 
tangular secondary voltage generated by Q1 | 
and Q2 being turned on during alternate half 
cycles. Push-pull operation doubles the fre- 
quency of the ripple current in output filter 
L>Cy and so reduces the output ripple volt- 
age. The peak transistor voltage is 2V;. 


MAKING THE BEST CONVERTER 
CHOICE | 


There exist several versions of the three 
fundamental circuits described earlier. 
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FLYBACK CONVERTER CIRCUIT 
DIAGRAM AND WAVEFORMS 
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NOTES 
1. 6&is the duty cycle of Q1; T is the cycle time 
2. Lis a double-wound choke Figure 3 


FORWARD CONVERTER CIRCUIT DIAGRAM 


Figure 4 


PUSH-PULL CONVERTER CIRCUIT DIAGRAM 


Figure 5 


These are shown in Figure 6. Circuits IA, IIA 
and IIIA are the basic types. In the two- 
transistor circuits IB and IIB, transistors Q1 
and Q2 conduct simultaneously and diodes 
D,D. limit the peak collector voltage to the 
level of DC input voltage V;. Similarly in the 
push-pull circuits {IIB and IIIC, the collector 
voltage does not exceed V,, in circuit IIIB, Q1 
and Q2 are turned on during alternate half 
cycles; in circuit IIIC, Q1 and Q4 are turned 
on in one half cycle and Q2 Q3 in the next. 


Converter choice depends on application 
and performance requirements. The flyback 
converter is the simplest and least expen- 
sive; it is recommended for multi-output 
supplies because each output requires only 
one diode and one capacitor. However, 
smoothing may be a problem where ripple 
requirements are severe. The push-pull type 
has the most complex base drive circuit but 
it produces the iowest output ripple with 
given values of Lo and Co. 


Figure 7 is a general guide for the choice of 
converter type, based on output voltage and 
power. In the case of the flyback converter, it. 
becomes more and more difficult to keep the 
percentage output ripple below an acceptable 
level as the output power increases and the 
output voltage decreases; for reasons of cir- 
cuit economy, however, the flyback converter 
is the best proposition if the output power 
does not exceed about 10W. For output 
powers higher than about 1kW, the push-pull 
converter is preferable. 


THE CONTROL AND PROTEC- 


TION MODULE 


In addition to providing adequate output 
voltage stabilization against line voltage 
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VARIOUS D.C.-TO-D.C. CONVERTER 
TYPES WITH THEIR RECTIFIER SUPPLY 


NOTES 
= Flyback converter family with 1A single-transistor type and 1B two-transistor type 
= Forward converter family with 2A single-transistor type and 2B two-transistor type 
= Push-pull converter family with 3A conventiona! type, 3B single-ended type and 3C bridge type 


Capacitor Cp is a high-frequency by-pass (20kHz to 50kHz switching frequency). 


Figure 6 


OCLNV © 


SilIddNS YIMOd JGOW GIHOLIMS JO MIIAdIAO NV 


SLONdOdd IST VAN 


LINEAR LSI PRODUCTS 


AN OVERVIEW OF SWITCHED MODE POWER SUPPLIES 


AN120 


CONVERTER TYPE 


FLYBACK CONVERTERS 


FORWARD 


ORWARD AND PUSH-PULL CONVERTERS 


PUSH-PULL CONVERTERS 


CONVERTERS 
ae 


NOTE 


Converter choice as a function of SMPS output voltage 
Vo and output power. Po 


Figure 7 


and load changes, the contro! module must 
give fast protection against overload, equip- 
ment malfunction, and the effects of switch- 
on immediately following switch-off. In ad- 
dition the following features are desirable: . 


e Soft Start: that is, a gradual increase of 
the transistor duty cycle after switch-on 
causing a slow rise of the output voltage, 
which prevents an excessive inrush cur- 
rent due to a capacitive load or charging 
of the output capacitor. 

e Synchronization: to prevent interference 
due to the difference in free-running 
frequencies (for example, in a system in 
which a low-power SMPS supplies the 
base drive circuit of the output switching 
transistor in a high-power SMPS). 

e Remote switch-on and switch-off: es- 
sential for sequential switching of supply 
units in, for instance, a computer supply 
system. 


The control and protection circuitry of a 
switched-mode power supply (SMPS) is a 


SMPS CONTROL-LOOP 


OSCILLATOR 


f OUTPUT 
STAGE 


FEEDBACK 
NETWORK 


crucial and complicated part of the whole 
supply. Integration of this circuitry onachip 
will therefore ease the design of an SMPS 
considerably. 


SMPS CONTROL-LOOP 


Figure 8 shows the principal control-loop of a 
regulated SMPS. The output voltage Vo is 
sensed and via a feedback network fed to the 
input of an error amplifier where it is com- 
pared with a reference voltage. 


The output of this amplifier is connected to an 
input of the pulse-width modulator PWM. 


The other input of this modulator is used for 
an oscillator signal, which can be a saw- 
tooth or a triangle. 


As aresult, a rectangular waveform with the 
frequency of the oscillator is emerging at 
the output of the PWM. 


The width of this pulse is dictated by the 
output voltage of the error amplifier. 


Vout 


Figure 8 
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After passing through an output stage, the 
pulse can be used to drive the power transis- 
tor of the SMPS. 


When the width of the pulse is varied, also 
the on-time of this transistor will vary and 
consequently the amount of energy taken 
from the input voltage Vj. 


So, by controlling the duty cycie 6 of the 
power transistor, one can Stabilize the out- 
put of the SMPS against line and load varia- 
tions. The duty cycle 6is defined as ton/T for 
the power transistor. Protections for over- 
voltage, overcurrent, etc, can be realized 
with additianal inputs on the PWM or the 
output stage. 


INTIAL TURN ON 

It may be helpful to operate an SMPS open 
loop with reduced error amplifier gain. This 
provides an easy way to verify correct opera- 
tion of control loop elements. 
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Dual Output + 50V, 1 Amp, 
Forward Converter for Off-line 
Operation 


A straightforward 100 watt off-line converter, 
with transformer isolation to load, is shown in 
Figure 1. 


The NE5560 is operated at a switching fre- 
quency of 75kHz allowing minimum mag- 


netics and component size. Line regula- 
tion is greatly improved also by making 
use of pin 16, the feed forward input. 
Typical transformer design recommended 
is: T,: Primary 60T #24, Secondary 20T #26 
on a Ferroxcube #2616 (3C8) pot core 
wound tightly coupled for minimum 
leakage inductance and having adequate 
primary inductance for low droop in the 
base drive waveform. Base drive to Q2 


should approach 0.5A peak for fast turn-on 
response and minimum losses. 


T2 provides 2.4 = 1 stepdown from primary 
to each secondary. A primary winding of 
60 turns of #26 wire wound between the 
two secondaries with 25 turns each of #20 
wire. The recommended core is a 
Ferroxcube-type 3622 pot core with a 25 
mil gap to prevent saturation. 
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APPLICATIONS 

SE/NE5560 Push-Pull Regulator 
This application describes the use of the 
Signetics SE/NE5560 adapted to function as 
a push-pull switched mode regulator, as 
shown in Figures 1 and 2. 


ciency of 81%. 


Input voltage range is +12 to +18V for a 
nominal output of + 30 and — 30V at a maxi- 


mum load current of 1A with an average effi- 


The main pulse width modulator operates to 
48 kHz with power switching at 24 kHz. 


Features include feed forward input compen- 
sation, cycle-to-cycle drive current protection 
and other voltage sensing, line (to positive 
output) regulation <1% for an input range of 
+13 to + 18V and load regulation to positive 
output of <3% for Al,(+) of 0.1 to 1 Amp. 


SE/NE5560 PUSH-PULL SWITCH MODE REGULATED SUPPLY 
WITH CMOS DRIVE CONVERSION LOGIC 
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APPLICATIONS 


5V, 0.5A Buck Regulator Operates 
from 15V 


The converter design shows how simple it is 
to derive a TTL supply from a system supply 
of 15V (see Figure 1). The NE5561 drives a 
2N4920 PNP transistor directly to provide 
switching current to the inductor. Overall line 
regulation is excelient and covers a range of 
12V to 18V with minimal change (<10mvV) in 
the output operating at full load. 


As with all NE5561 circuits, the auxiliary slow 
Start and 6, circuit is required, as evi- 
denced by Q1. The é,,,, limit may be calcu- 
lated by using the relationship. 


R2 
R1+R2 


(8.2V) = Vmax) 


The maximum duty cycle is then determined 
from the pulse-width modulator transfer 
graph, and Ri, R2 are defined from the 
desired conditions. 


NE5561 Boost Converter with 
Output Variable (18V to 30V, 0.2A) 


The circuit shown uses the NE5561 SMPS 
controller in a non-isolated boost con- 
verter operating from a 15V line. The addi- 
tion of three transistors and one diode is 
necessary to complete the design (see 
Figure 3). 


Operation is as follows. Q1 is a combina- 
tion slow start and max duty cycle limit 
transistor. When power its first applied to 
the circuit, C7 ina discharged state begins 
to charge toward the divider voltage, V6. 
This V6 + Vee Controls the voltage on pin 4, 
the error amp Output, causing the duty cy- 
cle to be limited initially to Oo, then to 
gradually approach its normal operating 
range, 0. The base divider is fed from Vz, 
which is nominally 8.2V. 


Output regulation starts at the error ampli- 
fier, with gain set by R2 (adj) and R5 com- 
bination. The error amp is stable for closed 
loop gain in excess of 40 dB (X100), for 
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which the regulation will be approximately 
1%. C4 is added to the output to insure 
stability at gain below 40 dB. C4 createsa 
dominant pole at approximately 1 kHz, 
descending at 6 dB per octave to unity near 
1 MHz. Input to the error amplifier is 
referenced to 3.75V and must reach this 
reference level for the output of the 
NE5561 to be active. Output voltage is 
then the quantity 3.75V times the divider 
ratio from Voyrz to Pin 3 as set by R2. 


If the ratio is, for instance, 10:1, the output 
will be = 37V. If the ratio is 5:1, the output 
will be = 18.5V, etc. 


Output to Q2 base is a square wave of 
variable duty cycle as determined by load 
demand. The internal transistor is open 
collector and must have a pull-up resist- 
ance, in this application the base circuit of 
Q2. The duty cycled is afraction between0 
and 1. The actual on-time is proportional 
then to 6 « T, where T is the period of the 
free-running frequency of the sawtooth 
generator internal the NE5561. Frequency 


O VsuPPLY 
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$ 20 mao CERAMIC 


a Q2 
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Figure 2 


is set by the RC combination, R7 « C5 with 
charging current supplied from Vz (8.2V). 
The stabilizing effect of the interna! zener 
supply gives a constant frequency. The 
sawtooth waveform is related to duty cycle 
as shown below. 


+6V 
rata Vs 
+15v I~ | | 
ee Sea 
] 
6 | 1-6 V7 
(V7 NOT TO SCALE) 


Q3 is switched on during the saturated por- 
tion of the output waveform from pin 7 of 
the NE5561, termed 6, and is switched off 
during the remainder of the cycle (1-6). 


The sawtooth frequency is set at approxi- 
mately 22 kHz in this example. The NE5561 
is capable of operation to 100 kHz, 
however. : 


Pin 6 of the NE5561 operates an over- 
current protective feature which resets the 
Output on pin 7 if the instantaneous pin 6 
voltage exceeds 0.50V. In this case, R8 
determines the peak current of Q3 emitter 
circuit prior to shutdown. The operation of 
the over-current circuit is on a pulse to 
pulse basis, returning to normal as soon as 
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the pin 6 voltage falls below 0.50V. As is 
noted, a small degree of filtering is needed 
to eliminate short switching transient, 
allowing only the primary current wave- 
form to be sensed. 


Switching circuit operation proceeds as 
follows. Q3 turns on, causing magnetiza- 
tion current to begin increasing in L1, the 
switching inductor. After initial start up, C3 
is charged to the output, thus with Q3 on, 
Diode D1 is reverse biased and does not 
conduct during the duty cycle, 6. C3, the 
output capacitor, sustains the full load cur- 
rent during this part of the cycle. When Q3 
turns off, the magnetic field energy pre- 
viously stored in L1 is discharged through 
D1 now forward biased. The output capaci- 
tor is incrementally charged, restoring its 
depleted voitage. The ripple voltage is a 
function of the size of C3 and its internal 
resistance. For minimum ripple, alow ESR 
(Equivalent Series Resistance) capacitor 
must be used, since previously mentioned 
peak load current flows in C3. 


Single Transistor 100V, 250 mA 
Buck Converter 


With a single 15V zener diode to limit 
package dissipation, the NE5561 controller 
may be operated directly from the rectified 
AC line. The following example shows the 
simplicity of such a converter which is 
capable of a nominal 100V output (see 
Figure 5). A base drive transformer is used 
to gain high voltage isolation between the 


NE5561 and the switching transistor, and to” 


provide adequate base drive. A low power 
PNP transistor is used in an auxilliary slow 
start and duty cycle limiting circuit to pre- 
vent over-excitation (Q1). 


Operation is as follows. Drive from the 
NE5561 output is fed to the primary of T1, 
base drive transformer, with a pulse-width 
modulated signa! causing Q2 (BU407) to 
switch current to inductor, L1. As the cur- 
rent builds up, energy is stored in L1, coin- 
cident with the saturation period (6) of the 
NE5561 output stage. During this period, 


current also flows through L1 to Cy andthe 
load. When Q2 cuts off, the choke field col- 
lapses and D1 conducts as the load is sus- 
tained by the inductor-stored energy. 


Vout is sampled by the divider R7 and R8, 
rising until the junction of the divider is 
forced to 3.75V. Load variations are thus 
translated to duty cycle variations to main- 
tain constant voltage at the output. The 
measured efficiency at 0.5A load is in ex- 


Figure 4 
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cess of 72%. Line regulation is good from 
approximately 93V to 120V. 


The base current waveform driving Q2 is 
shown in Figure 4. This indicates that the 
BU407 base current rises initially to60 mA 
to obtain fast turn-on, then settles to about 
40 mA for the remainder of the duty cycle, 
6. Reverse biasing of the emitter-base 
junction occurs to enhance turn-off. 


Snubber networks are necessary, as 
shown across Q2 and commutation diode, 
Di, to prevent component failure during 
fast switching. It is critical that these net- 
works be placed physically adjacent to the 
respective components they protect, and 
that low inductance capacitors and re- 
sistors be used as snubbers (ceramic or 
dura mica caps and carbon resistors). 


The base drive transformer is constructed 
using a Ferroxcube 2616-3C8 core, with 
primary of 120 turns of #26 wire, and 20 
turns of #26 on secondary. The primary is 
wound in a simple solenoidal manner, first 
on the bobbin, followed by a layer of mylar 
tape to provide voltage isolation. Next, the 
secondary winding is added. Primary in- 
ductance measures 45 mH with a leakage 
inductance of 120 nH. It is important to 
have sufficient primary inductance to pre- 


vent excessive droop in base drive current. 
Also, leakage reactance must be kept rea- 
sonably low to minimize ringing. 


DC Motor Drive with Fixed Speed 
Control 


The circuit shown in Figure 7 incorpo- 
rates a simple switch mode approach to DC 
motor control, which is efficient and free of 
the dissipation problems inherent in linear 
drives. The NE5561 provides pulse propor- 
tional drive and speed control based on DC 
tachometer feedback. A simple switching 
circuit consisting of one transistor 
(2N4920 PNP) and a commutation diode is 
used to deliver programmed pulse energy 
to the motor. 


A frequency of approximately 20 kHz is 
used to eliminate audio noise present in 
some switching drives. The DC tach in this 
example delivers 2.7V/1000 RPM. Its out- 
put is such that negative feedback occurs 
when this voltage is applied to the error 


amplifier of the NE5561, pin 3, through a 


suitable divider. Note that the voltage to 
pin 3 must be 3.75V in order to obtain servo 
lock. Thus, the divider from the tach output 
must be appropriate to maintain the proper 
ratio for speed control to occur. 


As shown in the waveform photo (Figure 6), 
duty cycle varies directly with load torque 
demand. No load current is = 0.3A and full 
load is 0.6A. Current and voltage wave- 
forms at 0.6A are shown in Figure 6. If 
desired, torque limiting may be set by feed- 
ing a derivative of motor return current 
back to pin 6 of the NE5561. 


Operating range is 12V to 18V input for a 
tach output nominal variation of less than 
20 mV, and approximately 4.35V for the 
divider values shown. The motor is a Globe 
100A 565 rated at 12V DC. 
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Synchronization of the 5561 can be accom- 
plished by forcing the timing pin (Pin 5) above 
the 5.6 volt sawtooth limit comparator for a 
short time. 


TIMING 
SAWTOOTH 


mn tei = + OV (TYR) 
EXTERNAL 
SYNC 


This can be accomplished with a simple 
diode-coupled narrow pulse source with fairly 
low source impedance: 


SYNC 
GENERATOR 


A drawback to this approach is that when the 
5.6 volt threshold is reached, a discharge 
transistor is turned on to quickly pull the tim- 
ing capacitor to ground and will also attempt 
to pull the pulse generator to ground. This 
condition can be avoided by keeping the 
pulse width very narrow (0.1ys) or by placing 
a differentiator network between the pulse 
generator and the diode. 


The differentiator will now produce a positive 
going spike with the positive edge of the sync 
pulse, resetting the sawtooth without passing 
too much current through the discharge tran- 
sistor. The negative spike produced by the 
falling edge of the clock will be blocked by the 
diode and will have no effect on the sawtooth 
ramp. A narrow sync pulse is no longer nec- 
essary while a sharp edged pulse is. The 
value of Cp should be sufficient to ensure that 
a 10V pulse will drive the capacitor, C;, high 
enough to trip the 5.6V comparator according 
to: 


Cy AVer = Cp (AVer - Vp) 


This relates the magnitude of the spike to the 
size of the pulse. Also assume RoCp < 1h8. 


The free run frequency of the slaved 5561 
should be slightly lower than the sync fre- 
quency for proper operation. 
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The capacitor-diode output circuit is used in 
Figure 1 as a polarity converter to generate a 
~ 5 volt supply from + 15 volts. This circuit is 
useful for an output current of up to 20mA 
with no additional boost transistors required. 
Since the output transistors are current lim- 
ited, no additional protection is necessary. 
Also, the lack of an inductor allows the circuit 
to be stabilized with only the output capacitor. 


Another low-current supply is the flyback con- 
verter used in Figure 2 to generate + 15 volts 
at 20mA from a +5 volt regulated line. The 
reference generator in the SG3524 is unused 
with the input voltage providing the reference. 
Current limiting in a flyback converter is diffi- 
cult and is accomplished here by sensing cur- 
rent in the primary line and resetting a soft- 
Start circuit. 


In the conventional single-ended regulator cir- 
cuit shown in Figure 3, the two outputs of the 
$SG3524 are connected in parallel for effective 
.0-90% duty-cycle modulation. The use of an 
output inductor requires an R-C phase com- 
' pensation network for loop stability. 


Push-pull outputs are used in this 
transformer-coupled DC-DC regulating con- 
verter shown in Figure 4. Note that the oscilla- 
tor must be set at twice the desired output 
frequency as the SG3524’s internal flip-flop 
divides the frequency by 2 as it switches the 
PW.M. signal from one output to the other. 
Current limiting is done here in the primary so 
that the pulse width will be reduced should 
transformer saturation occur. 


$G3524 PUSH-PULL + 50V, 
100 Watt Converter 


A simple solution to off-line converter 
design for power audio amplifier circuits 
is shown in Figure 5. The SG3524 emitter 
outputs are used to drive directly a pair of 
VNS3500A Power FETs in the primary side 
of the step down transformer at a 50kHz 
rate. (The main oscillator operates at 
100kHz.) The transformer consists of 120T 
of #24 wire centertapped at 60T. This is 
sandwiched between two 50 turn center- 
tapped secondary windings of #20 wire. 
Diodes are fast recovery BYW30s; the out- 
put chokes, 500uH wound on EC35 (3C8) 
pair Ferroxcube cores, provide adequate 
filtering in conjunction with the 1000uF 
and .01nF ceramic capacitors across the 
output. 
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The encoder inputs have been designed to 
accept a wide variety of signal sources. 
This can range from simple systems using 
as an input the wiper of a control pot 
which is connected between Vp, and 
ground to complex systems incorporating 
mixing, exponential processing and/or 
control polarity reversing. In ail cases, it 
must be remembered that the control in- 
puts to the encoder look like voltage 
followers, that is they draw only very small 
currents (>200nA). The voltage range for 
these Inputs is +1.5V to +5V; however, 
internal clamps limit the linear control to 
approximately +1.5V to +3.5V. These 
clamps prevent interaction between chan- 
nels if one input is open circuited or 
shorted to supply or ground. 


An example was worked out previously 
which utilized mechanical fine trim of the 
inputs (where the contro! pot body is 
rotated a small amount). In some applica- 
tions, it is desirable to implement this fine 
trim electrically with the use of an addi- 
tional pot. Many methods exist to achieve 
this and two are shown below. 


In Figure 1 the series resistors R; and Ro are 
much larger than the control pots so as to 
minimize nonlinearity errors and the ratio of 
Ry to Re control the relative sensitivity of the 
— control and trim pots. This scheme allows the 
control pot to be centered at neutral so polar- 
ity reversing can be achieved by reversing Vp 
and ground on the pots. 


The second approach, shown in Figure 2, is a 
simpler method for achieving electrical trirn. 


Rr+XnRo 
T, = 4R iC mux (eae ~— y 


4 
CR= 4R CO mux (res) 


Interfacing the 5044 encoder to the modulator 
of an RF transistor can be done in several 
ways depending on the desired output power, 
freqency stability and oscillator leakage. The 
simplest method is to use the 5044 output to 
directly modulate the bias current of a crystal 
controiled oscillator. Figure 3 shows an exam- 
ple of such a connection. 


In.a high performance system, separate oscil- 
lator, modulator and RF output stages may be 
required. An example of such 4 circuit is 
shown in Figure 4. In some systems, it may be 
required to provide additional filtering 
between the encoder output (Pin 11) and the 
RF modulator to comply with FCC regula- 
tions. 
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in the previous section, a design example was 
given for a fixed frame encoder (T¢ constant). 
In some applications, it may be desirable to 
make the frame time variable, allowing the 
synchronization pulse, which follows the last 


TO PIN 15 
Vr 


channel, to remain constant. The variable 
frame mode simplifies the synchronization 
pulse detector in the receiver since the pulse 
does not vary with the control inputs. How- 
ever, the variable frame time may complicate 
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Figure 1 
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Figure 4. 5044 With High Performance RF Transmitter 


the design of the pulse stretchers in the ser- 
vos. The 5044 can be operated as a variable 
frame encoder by discharging the capacitor 
Cr each time the output goes high. After the 
last output pulse Cr is allowed to charge fully 
and the frame generator resets the encoder 
to channel 1. In this mode, the frame genera- 
tor operates as a monostable multivibrator. 
Figure 5 shows the external connection. The 
syne pulse width (time between the falling 
edge of the last output pulse and the rising 
edge of the first pulse) is given by 


Ts = 85 ReCe + RiCmux: 


So if a syne pulse of 6ms is desired and 
Cr=.1pyF, then 


85x 6MS8 — 047 pF + 27k0 


ee Apr 


= 39k 


Some applications may require an RF 
bypass on each of the multiplexer inputs, 
depending on PC board layout and the wir- 
ing between the control pots and the 
board. If such is the case, a .001F 
capacitor Is sufficient. Pin 12 may also re- 
quire a bypass capacitor of 0.1yF. 


OUTPUT 
TO MODULATOR 


Figure 5. 5044 Varlable Frame Encoder 
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DECODER APPLICATIONS 


In most applications, the decoder input will be 
derived from the decoder of a radio receiver 
and will have the following characteristics: 


1. Contain thermal noise at low levels 
2. Will vary in level depending on R/F signal 
strength and may contain flutter 


The thermal noise can be filtered with a sim- 
ple RC circuit. This filter should have a cut-off 
frequency of about 3kHz which is approxi- 
mately the bandwidth of the receiver IF ampli- 
fier. A lower cut-off frequency would limit the 
information rate and resolution of the system. 
Figure 1 shows the external connections for 
the decoder input amplifier in which the 
above-mentioned conditions are handled. 
Diodes D1 and D2 charge the 1yF coupling 
capacitor to the peak input voltage minus the 
fixed voltage at pin 12 and the diode drops. 
D2 also clamps the input signal reaching A1. 
The .2uF capacitor forms a filter which allows 
the amplitude of the input to vary over a wide 
range and at high rates (as a result of RF flut- 
terin the receiver) without false triggering the 
decoder. When flutter occurs the baseline of 
the positive input pulses varies as shown in 
Figure 2. The .2uF charges up to the average 
baseline voltage but the 10k resistor does not 
allow it to be charged by the information 
pulses. Thus, so long as the pulse peaks 
exceed the baseline voltage by greater than 
the drop across diode Dz, the system will be 
unaffected by baseline flutter no matter what 
its rate is. 


Positive feedback has also been incorporated 
in the connection of Figure 1 to provide 
100mV of hysteresis on the threshold. When 
the input (pin 13) is low, the current generator 
is Off and pin 11 is near ground. However, 
when pin 13 goes positive, the current gener- 
ator turns on and approximately 150yA is 
sourced. This raises pin 11. by 
150nA x 4.7kQ = 0.7V. The threshold is now 
given by 


Vihreshold (on) > Vi2 V43 


1 
ra (Vio— V44) (<a) 


== 0.1) ( + 330K/51 :) 


=0.3V 
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So the threshold has been reduced by 100mV 
or the amplifier will not turn off until the input 
drops below 0.3V. A low pass filter is also 
used in the circuit of Figure 1. The 5.6kQ and 
.O1nF form a 2.8kHz low pass filter to improve 
the noise rejection characteristics of the 
detector. 


A particular application of the NE5045 may 
not require all the components shown in Fig- 
ure 1, however this circuit demonstrates all 
the features of the decoder which may be uti- 
lized. 


INPUT 10k 
POS. PULSE 


Figure 3 shows a decoder connected for neg- 
ative input pulses without hysteresis or flutter 
rejection. In this case, V,, is set to 3V and V4 
is set to 3V + Vihreshoid: !f Vihreshoid = 0.4V 


Boe Viz _ 4.1-3.4 
‘= VinesnoSik ~ 0.4/51k 
= 89k = 91k0. 
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Figure 1. NE5045 Decoder Input Circuit With Flutter and Noise Filtering 


Figure 2. Input Signal With Fast Flutter 
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APPLICATIONS 


DESCRIPTION 


The NE544 is a new servo amplifier design 
for digital proportional RC systems which 
incorporates the latest state-of-the-art in 
integrated circuit technology. The basic 
systems concept was developed in close 
cooperation with a number of leading man- 
ufacturers of radio control equipment. 


The design philosophy behind the NE544 
was to provide the RC servo systems de- 
signer with maximum flexibility in adapt- 
ing the amplifier performance characteristic 
to his particular servo system and at the 
same time to keep the external components 
count iow. To achieve this goal, all the basic 
servo amplifier functions, such as motor 
drive, deadband and minimum output pulse, 
are integrated into the IC, but can be modi- 
fied over a wide range by using external 
transistors or padding resistors respective- 
ly. This makes it possible to use the IC for 
extremely low cost applications as well as 
for the most sophisticated RC servo sys- 
tems. Additional features of the circuit are 
very low standby power drain (typically less 
than 6mA), an internal voltage regulator for 
improved power supply rejection and a 
highly accurate monostable multivibrator. 
This circuit may be used in 2 different 
charging modes: linear and exponential. In 
the linear charging mode, the internaily 
generated charging current is program- 
mable over a wide range with a resistor to 
ground. Usable currents range from below 
10uUA to above 1ImA. In the exponential 
charging mode, the internal current source 
is simply bypassed with an external resistor 
from pin 1 to the regulator output. 


The bidirectional power output stage can 
supply load currents up to 500mA (NE544N 
package only). Output drive pins for exter- 
nal PNP transistor provide the user with the 
option of increasing the motor drive by 
bypassing the internal compound PNP 
transistors. 


The NE544 also provides external pins to 
adjust deadband and to vary the hysteresis 
of the Schmitt trigger. This gives the user 
maximum flexibility in adapting the servo 
amplifier to a large variety of servo motor 
and gear train combinations. A dynamic 
brake integrated into the output stage 
serves to suppress inductive noise sp'kes 
and helps to improve the dynamic perfor- 
mance. 
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iC PACKAGE 

The NES544N has sufficient power dissipa- 
tion to handie motors with a minimum of 
80 impedance with the integrated power 
transistors. 


OPERATION 


The basic building blocks of the NE544 
servo driver are shown in Figure 1. 


A positive input signal applied to the input 
pin (4) sets the input flip-flop and starts the 
one shot time period. The directional logic 
compares the iength of the input pulse to 
that of the internal one shot and stores the 
result of this comparison in a directional 
flip-flop. The exact difference in pulse width 
between input and internal one shot pulse, 
called the error pulse, is also fed to a pulse 
stretcher, deadband and trigger circuit. 
These circuits determine 3 important pa- 
rameters: 


1. Deadband—The minimum difference between 
input pulse and internally generated puise to 
turn on the output 


2. Minimum output pulse—The smallest output 
pulse that can be generated from the trigger 
circuit 


3. Pulse stretcher gain—The relationship be- 
tween error pulse and output pulse 


Proper adjustment of these parameters can 
be achieved with external resistors and 
capacitors at pins 6, 7 and 8. The trigger 
circuit activates the gate for a precise length 
of time to provide drive to the bridge output 
circuitry in proportion to the length of the 
error pulse. 


TYPICAL APPLICATION AS A 
LINEAR SERVO AMPLIFIER 


Figure 2 shows a typical connection of the 
NE544 as a high performance servo amplifi- 
er for remote control servo applications 
using the 14-pin dual in-line package. The 
input pulse may be dc coupled if a reset is 
used in the receiver decoder. Output drive — 
to the servo motor is applied through pins 9 
and 13 with PNP transistors Ta and Tp 
optional for high performance applications. 
The wiper of potentiometer RP is mechani- 
cally coupled to the servo control surface 
providing positional feedback. The internal 
one shot in this application is operating in 
the linear charging code. 


LINEAR ONE SHOT TIMING 


In contrast to most conventional servo driv- 
ers which use exponential one shots, the 
NE544 uses a linear one shot. This makes it 
possible to design servo systems with very 
high positional accuracy and linear pulse 
width to position transfer fuctions. The tim- 
ing of the linear one shot can best be ex- 
plained with the help of Figure 3. 


The timing cycie starts after the input pulse 
sets the tiiput flip-flop and releases the reset 
transistor TR. This allows current ic to 
charge up capacitor CT in a linear fashion. 
Current | is programmed by resistor RT. 
The op amp serves as a linear voltage to 
current converter, with the current through 
Rt and CT matched identically. The invert- 
ing input of the op amp is internally refer- 
enced to 1.8 volts so that the current /R is 
given by this equation. 


Equation 1 
Ip =VI -1.8V 
Rr Rr 


BLOCK DIAGRAM OF NE544 SERVO AMPLIFIER 


: LINEAR 
g ONE SHOT 


SCHMITT 
TRIGGER 
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TYPICAL CONNECTION OF NES44AA FOR LINEAR ONE SHOT TIMING 
a. 


O Vs 
4.8V 


Ta Te 
OPTIONAL 


| fe > A ic ) Cs) USE MPS 6562 
OR EQUIV. 
OUTPUT DRIVE CIRCUIT 


GATE 


DIRECTIONAL LOGIC 


f VOLTAGE 
REGULATOR 


SCHMITT 
TRIGGER 


LINEAR 
ONE SHOT 


O INPUT 


Figure 2 


The timing period of the internalone shotis [7 ) 
semipleie when the voltage ramp at pin 1 SIMPLIFIED CIRCUIT DIAGRAM OF LINEAR ONE SHOT 


reaches the threshold set at pin 14. This time 
is given by this equation. 


REGULATOR 


Equation 2 OUTPUT 
re ct Vig 
R 


If we substitute the typical values given in 
Figure 2 we obtain this equation. 


Equation 3 


A (ald Ge eee 


0.1 « 10-3A 


When the internal one shot has timed out, 
the input flip-flop is reset. The reset transis- 
tor TR is clamped to ground as soon as the 
input pulse goes to zero. Figure 4 shows the 
relationship of the input pulse, the interna! 
one shot pulse, the ramp at pin 1 and the 
error pulse for a condition where the input 
pulse is longer than the internal pulse. 


Figure 3 


in contrast to most conventional designs, 
the total value of the feedback pot Rpis no 
longer important, since it serves only as a 
voltage divider. A reasonable lower limit is 
1.5k. to keep power consumption low and 
to prevent loading of the voltage regulator. 
In the typical application a 5K pot is used. 
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TIMING DIAGRAM 


INPUT PULSE | | 
INTERNAL PULSE g | 


LINEAR VOLTAGE 
RAMP (PIN 1) SS ee —— ——- —~ THRESHOLD (PIN 14) 


ERROR PULSE | | 


Figure 4 


ADJUSTMENT OF SERVO INCREASED SERVO TRAVEL 


TRAVEL SCHEMATIC 
The amount of angular rotation of the feed- 
back pot R p (or of the servo control surface) 
can be changed by simply changing the . TO REGULATOR 
P . OUTPUT PIN 3 

charging current. Figure 5 shows a plot of 

the servo travel as a function of input pulse 
width for 3 different values of current setting 
resistors Rt. 


It should be noted that the center position of 
the wiper (1.5ms) will also shift when the 
amount of travel is changed. This shift may 
be compensated by mechanical wiper ad- 
justment or by the addition of padding resis- 
tors as described in the next paragraph. 


SERVO TRAVEL AS A FUNCTION 
OF INPUT PULSE FOR 3 DIFFERENT 


CHARGING CURRENTS Figure 6 


POT TRAVEL vs Rp 


V-PIN 14 (V) 


z 
2 
od 
w 
> 
< 
4 
be 
fo) 
> 
a 
ai 
” 


POT TRAVEL (%) 


(NPUT PULSE (ms) 


Figure 5 


INCREASING SERVO TRAVEL 
TO MORE THAN 180° 

Servo travel may be increased up to the 
maximum active area of the feedback pot by 
using padding resistors Ra and Rp as 
shown in Figure 6. 


Figure 7 shows the values of resistors which 
are required to obtain a desired amount of 
servo travel. 
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EXPONENTIAL TIMING OPTION 
If an exponential timing characteristic is 
desired, the circuit shown in Figure 8 may 
be used. 


The time constant of the one shot in this 
case is given by this equation. 


Equation 4 
Te =Rre Cr in 


V3 - Vi 


Substituting the values shown in Figure 8 

where V3 = 2.5V and V,,4 = 1.5V at the center 

position we obtain this equation. 

Equation § 2 BV 

T = (16kQ) (0.1uF) In £3" = 1.47ms 

ELS eae T8y 

The center position and servo travel can be 

changed as described in the previous sec- 

tion for linear operation. 


PULSE STRETCHER 


The pulse stretcher and associated circuitry 
shown in Figure 9 determine important 
servo-parameters such as minimum output 
pulse, deadband and error pulse to output 
pulse conversion gain. 


Initially transistor Qs is off and capacitor 
Cs is charged to the regulator voltage. An 
error pulse from gate G turns on transistor 
Qs and discharges capacitor Cs to ground 
through the parallel combination of Rpg 


' and R}. The deadband is determined by the 


time it takes for the voitage at pin 6 to reach 
the trigger threshold (V,) as shown in Figure 
10. 


As soon as the Schmitt trigger threshold is 
reached, transistor Qs is turned off and the 
capacitor is discharged through a constant 
current source Is until the error pulse dis- 
appears. 


After the error pulse disappears, capacitor 


_Csg is charged up through resistor Rs. The 


output remains turned on until the upper 
threshold (V2) of the Schmitt trigger is 
reached. The minimum output pulse is de- 
termined by the hysteresis in the Schmitt 
trigger. This hysteresis may be varied over a 
wide range by connecting an external resis- 
tor Rup from pin 8 to ground or positive 
supply. 
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TYPICAL CONNECTION FOR EXPONENTIAL TIMING CHARACTERISTIC 


Tats 
OUTPUT DRIVE CIRCUIT OPTIONAL 

USE MPS6562 

OR EQUIV. 


LINEAR 


ONE SHOT DIRECTIONAL LOGIC 


SCHMITT 
TRIGGER 


Eon 
Eon 


O INPUT 


Figure 8 


TYPICAL CONNECTION OF PULSE STRETCHER CIRCUIT PULSE STRETCHER WAVE FORMS 


ERROR 
PULSE 


2.2V 


ERROR PULSE 


STRETCHED 


ee ERROR PULSE 


TRIGGER Eds 


GND PULSE 
FROM {PIN 5) 


LOGIC CKT 


Figure 9 Figure 10 
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DEADBAND 

Referring to Figure 10, the deadband canbe 
calculated using these equations where 
TDB is deadband in‘ microseconds, Cs is 
the pulse stretching capacitor, | T is the total 
discharge current, and AV is approximately 
.65 volts. The deadband is determined by 
the time it takes to discharge capacitor Cs 
from its initial voltage to the Schmitt trigger 
threshold. 


Equations 6 
T pp=CsAV, and I7 =Ilg + 2.2V (RI RDB) 
IT R;+Rpp 


The value of the internal deadband resistor 
Ry} is approximately 1500.!7 can be calcu- 
lated with this equation. 
Equation 7 
It =3mA + 2.2V (150 Rpp) 
150+RpB 


For the typical values shown in Figure 2 we 
obtain this equation. 


Equation 8 
Ip =3+ 27 = 30mMA 


The deadband can then be calculated using 
Equations 6 to obtain this equation. 


Equation 9 
Top= (22x uF) 65V = 4.8us 
30mA 


The total deadband then is twice this value, 
i.e., TDB Total = +7 pB. 


Figure 11 shows plots of total deadband 
versus Rpg for 3 different values of pulse 
stretching capacitor Cs. The value of the 
minimum pulse resistor Rwyp is held con- 
stant at 240 
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DEADBAND vs RDB 
FOR 3 DIFFERENT PULSE 
STRETCHING CAPACITORS 


~ 
~ 
- 
— 
f°] 
Q 
a 


DEADBAND (us) 


Figure 11 


MINIMUM PULSE 


The length of the minimum output pulse can 
be adjusted by changing the hysteresis of 
the Schmitt trigger. As can be seen from 
Figure 10, this will also affect the deadband. 
To aid in the selection of the right value of 
minimum pulse and deadband resistor, 
Table 1 may be consulted. This table gives 
typical values of deadband and minimum 
pulse for 5 combinations of Rpg and Rp 
with Cs and Rs held constant at 0.22uF and 
75k © respectively. 


If a particular application requires different 
values, Cs and RS can be changed accor- 
dingly. A capacitor with low series resis- 
tance should be used for Cs. If Cs is too 
resistive, the minimum pulse becomes 
equal to the error pulse causing the servo 
to buzz at the rest position. 
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DEAD- | MINIMUM 


BAND PULSE 


ou no ws) | (ms) 


#7 | 80 
= oe oe oe 
a 
A 

cio [st Past 


Table 1 VALUES OF DEADBAND 
AND MINIMUM PULSE FOR 
CS = 0.22uF AND 

RS = 75kN 


PULSE STRETCHER GAIN 


For given values of Rog and Rp, the gain 
of the pulse stretcher can be adjusted with 
capacitor C-s and resistor Rs. The values 
chosen in the typical application turn the 
outputs fully on with an error pulse of ap- 
proximately 200us. 


The charging resistor Rs can also be con- 
nected to the positive supply voltage in- 
stead of the voltage regulator output. This 
usually requires somewhat tighter toler- 
ances on Rs and Cs, but allows operation 
over a wide range of supply voltage since 
pulse stretcher gain now varies inversely 
with supply voltage. 


FEEDBACK RESISTORS FOR 
CLOSED LOOP DAMPING 


The amount of feedback required for good 
closed loop damping depends on the motor 
and gear train used, the desired pulse 
stretcher gain and the deadband. In many 
applications, a single feedback resistor, RF, 
from pin 9 to pin 1 is sufficient, since the 
dynamic brake provides some damping. If 
the mechanical gain is very high, an addi- 
tional feedback resistor from pin 13 to pin 14 
may be required. 
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A LOW-COST ANALOG/DIGITAL PROPORTIONAL CONTROL 
SYSTEM FOR PERSONAL COMPUTER AND 
ROBOTICS APPLICATIONS 


Hans Stellrecht, Dan Hariton, Dietmar Beer 
Signetics Corporation, Sunnyvale, California 
Bob Blauschild 

Linear Design, Inc., Los Altos, California 


1, ABSTRACT 


This paper describes an integrated circuit chip set* designed for 
low-cost transmission of analog and digital data. The system provides 
remote motion control capability and is designed for personal com- 
puter or microprocessor control applications. The contro! system 
is based on a multichannel serial bus concept and uses pulse position 
modulation (PPM) for information transfer. The input and output of 
the system interfaces directly with a personal computer. 


2. OVERVIEW OF CONTROL SYSTEM DATA BUSES 


With the rapid expansion of microprocessors and personal com- 
puters into virtually all areas of modern life, there is an increasing 
need for methods of communication between computers and remote 
devices. Communication is usually accomplished by parallel! digital 
data transfer and digita!/analog conversion. This method is used in the 
case of most stationary computer peripheral devices. For movable 
peripheral equipment, or when communication has to cover larger 
distances, various forms of serial data concepts are used. The choice 
of a particular serial data bus system depends on cost/performance 
tradeoffs and possible requirements for coding and protocol! stan- 
dardization. in adigital system a serial message unit typically consists 
of a byte of serial digital data plus additional bits for addressing, 
synchronization, and other management functions. 

In consumer applications, where low cost is an important 
factor, mixed digital and analog encoding methods can offer signifi- 
cant advantages over other serial encoding methods. The digital 
proportional system 2 described here uses pulse position modulation 
for serial data transfer. In contrast to the pure digital systems, where 
one message block (or frame) contains one byte of data, the digital 
proportional system packs several bytes into one frame. This is 
possible because the information is encoded in the form of pulse 
position. 

A comparison of various data transfer methods is shown in 
Table 1. The first three rnethods are purely digital and are mostly 
used for commercial serial bus systems and for computer networks. 
The fourth, a digital proportional method, is a special-purpose serial 
bus. It offers advantages in consumer applications due to combined 
analog and digital techniques. The concept also lends itself to either 
amplitude or frequency modulation for remote control. 


Table 1. Comparison of Data Transfer Methods 


TYPICAL PERFORMANCE 
ENCODING | ACCURACY SPEED 
1 Mbaud 


” - 


APPLICATION —__ 


Computer Peripterals 


Date Communication | 

Computer Peripherals 

Robotics 

Serial Ports (RS-222) 
Modems 


“Asynchronous or 
Synchronous Bus 


300-1200 
beud 


| Computer Network 


Digitat Proportional 
Bus 


* Signetics NE5044 and NE5045 Encoder/Decoder, 
NE544 Servoamplifier, and NE5018 8-bit D/A Converter. 


COMPUTER CONTROLLED ROBOTICS APPLICATIONS 


3. DESCRIPTION OF THE ANALOG/DIGITAL 
PROPORTIONAL CONTROL SYSTEM 


In a typical application, the system is interfaced to a personal 
computer through one of its peripheral 3-state 1/O ports as shown in 
Figure 1. The 8-bit digital-to-pulse position encoder and the personal 
computer form the control center. In addition to the 8 data lines, 
3 control lines are used to connect the computer to the pulse position 
encoder. The encoded information is transmitted via a standard radio 
control (RF) link. The signal is detected by a receiver in the remote 
contro! device or robot. The pulse position information is then de- 
coded and processed with standard proportional circuit techniques” . 

The bus control program occupies 600 bytes of memory. The 
rest of the computer memory is available to the user for recording 
and playing back the stored programs. A floppy disk drive is used for 
permanent storage of information. 


PULSE POSITION CODING AND 
SERVOMOTOR CONTROL 


The circuit blocks required to perform the pulse position 
encoding function are shown in Figure 2. The encoder contains all the 
active circuits necessary to convert successive 8-bit words of digital 
information into accurate pulse position modulated signals, for up to 
7 channels. Parallel data from the computer !/O bus is latched 
directly to an 8-bit DAC input. A bidirectional constant current 
generator alternately charges and discharges the CMUX capacitor. 

The resuiting voltage waveform is shown in the second trace 
of Figure 3. Two high-gain comparators compare the multiplex 
capacitor (CMUX) voltage to the DAC output voltage (VA) and to 
the range input voltage (Vrange}. The counter control logic uses the 
two comparator output signals to incrernent the channel count and to 
reverse the current source polarity. Under computer control, the 
comparator analog input signal is taken from the DAC output; under 
manual control, this signal is taken from the multiplex switch analog 
output. The multiplex switch is controlled by the channel counter, 
and samples the analog voltages generated by the manual joystick 
inputs. The encoder output waveforms are shown in Figure 3. The 
top trace shows the frame pulse, which controls the encoder frame 
time and can be operated in either variable or fixed frame mode. The 
lower two traces show the channel pulses and the latch enable pulses, 
respectively. The latch enable pulse (DE) updates the DAC input 
data. 

Two ICs are used to perform pulse decoding and servocontrol as 
shown in Figure 4. The serial PPM signal, after RF detection, is 
decoded into parallel pulses by the decoding IC. Each channel is now 
a pulse-width modulated signal. This IC contains two monostable 
multivibrators used for frame synchronization and for increased noise 
immunity. Each channel pulse is then sent to a servocontro! {C, which 
demodulates the pulse width information into position, speed, or 
other controi parameters In this circuit a servolcop is used to 
compare the input pulse to an internally generated pulse that is 
proportional to the control parameter. Negative feedback is then used 
to drive the servomotor output to the desired position. 


4. COMPUTER CONTROLLED ROBOTICS APPLICATION 


The serial data transmission and proportiona! contral system 
described in this paper can be used for various applications such as 
remote motion control, home control, alarm systems, and remote 
video games. A wide choice of transmission media can be used: 
hardwire, RF, current carrier, infrared, fiberoptics, and ultrasonic. 

To take full advantage of the availability of multichannel 
analog data transmission, a robotics application was implemented. 
The system uses 7 channels. Each channel represents a robot control 
surface as listed below: 
Ai--Forward/Backward Mation 
A3--Head Rotation 
AS--Elbow Movement _ 
A7-Hand (Claw) Open/Closed 


A2-Steering( Direction Control) 
A4--Shoulder (Arm) Movement 
A6--Wrist Rotation 
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The robot can be exercised either manually or by computer. ACKNOWLEDGEMENTS 
Individual channels may be recorded and played simultaneously. 
Reprogramming several channels while maintaining the rest unchanged The authors would like to express their appreciation to their 


becomes possible. The robot can be "taught" or its actions can be colleagues at Signetics. In particular we thank Jock Ochiltree and 
corrected. The final result may be stored on floppy disk for future Ed Ross for their support and encouragement throughout this project, 
playback. In the "Play'’ mode, the computer sends 8 bits per channel and our former colleague Gary Kelson for his innovative design of the 
to.a PPM encoder. In the ''Learn'' mode, manual inputs:are converted encoding and decoding concepts. 

into digital data and processed by the computer. Remote sensing 

capability can be added to the control! system by adding a feedback 


transmission loop. Sensor feedback data is sent back to the computer REFERENCES 
and results in a full duplex system. Sensor information can then be 
processed and used to make decisions for execution by the forward 1. J. Maloney, "Six Channel Digital Proportional System," 
path. : R/C Modeler Magazine, October 1973. 
SUMMARY 2. F. M. Marks and W. Winter, "Radio Contro! for Model 
pikes Builders,'’ Hayden Book Co. Inc., 1972. 
A 7-channel robotics application was used to demonstrate the 3. Hans H. Stellrecht and Robert W. Hamilton, "A Linear 


versatility of a serial bus concept that uses pulse position modulation. Servoamplifier for Remote Control Applications,’ [EEE Transactions 
The consumer-oriented system interfaces directly with a personal on Consumer Electronics, February 1977. 


computer and can be used in many control applications that require 
good performance at low cost. 
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PACKAGE OUTLINES 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, yA, ULN 


INTRODUCTION 


The following information applies to all 
packages unless otherwise specified on 
individual package outline drawings. 


General 

1. Dimensions shown are metric units 
(millimeters), except those in par- 
entheses which are English units 
(inches). 


2. Lead spacing shall be measured with- 
in this zone. 
a. Shoulder and lead tip dimensions 
are to centerline of leads. 


3. Tolerances non-cumulative. 


4. Thermal resistance values are deter- 
mined by utilizing the linear tempera- 
ture dependence of the forward voit: 
age drop across the substrate diode in 
a digital device to monitor the junc: 
tlon temperature rise during known 
power application across Voc and 
ground. The values are based upon 
120 miis square die for plastic pack- 
ages and a 90 mils square die In the 
smallest avaliable cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with stand- 
ard stand-off, for measurement. 


. Body dimensions do not 


PLASTIC ONLY 
5. 


Lead material: Alloy 42 (Nickel/tron 
Alloy) Olin 194 (Copper Alloy) or equiv- 
alents, solder dipped. 


6. Body material: Plastic (Epoxy) 
. Round hole in top corner denotes lead 


No. 1. 


include 
molding flash. 


So Packages-microminiature 
packages. 
a. Lead material: Alloy-42. 


b. Body material: Plastic (Epoxy). 


HERMETIC ONLY 


10. Lead material 


a. ASTM alloy F-15 (KOVAR) or 
equivalent—gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or 
equivalent—tin plated, gold plated 
or solder dipped. 

c. ASTM alloy F-15 (KOVAR) or 
equivalent—gold plated. 


11. Body Material 


a. Eyelet, ASTM alloy F-15 or equiva- 
lent—gold or tin plated, glass 
body. 


ad 


Ceramic with glass seal at leads. 

c. BeO ceramic with glass seal at 
leads. 

d. Ceramic with ASTM alloy F-30 or 

equivalent. 


. Lid Material 


a. Nickel or tin plated nickel, weld 
seal. 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, gold 
plated, alloy seal. 

d. BeO Ceramic with glass seal. 


. Signetics symbol, angle cut, or lead 


tab denotes Lead No. 1. 


. Recommended minimum offset 


before lead bend. 


. Maximum glass climb .010 inches. 
. Maximum glass climb or lid skew is 


.010 inches. 


. Typical four places. 
. Dimension also applies to seating 


plane. 
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— PLASTIC PACKAGES _ | 


Standard Dual-in-Line Packages | 
8-Pin 99/50 
14-Pin 86/48 TO-116/MO-001 
16-Pin 83/42 MO-001 
18-Pin . 63/29 
20-Pin 61/24 
22-Pin | 51/23 
24-Pin | 52/23 MO-015 
28-Pin §2/23 MO-015 


Metal Headers 
4-Pin 100/20 TO-46 Header 
4-Pin 150/25 TO-72 Header 
8-Pin 150/25 TO-5 Header 
10-Pin 150/25 TO 5/TO-100 Header, Short Can 
10-Pin 150/25 TO-5/TO-100 Header, Tall Can 
Cerdip Family 
8-Pin 110/30 Dual-in-Line Ceramic 
14-Pin 110/30 Dual-in-Line Ceramic 
16-Pin 100/30 Dual-in-Line Ceramic 
18-Pin | 93/27 Dual-in-Line Ceramic 
20-Pin 90/25 Dual-in-Line Ceramic 
22-Pin 75/27 Dual-in-Line Ceramic 
24-Pin 60/26 Dual-in-Line Ceramic 
28-Pin §7/27 Dual-in-Line Ceramic 


Laminated Ceramic, Side Brazed Lead 
16-Pin | 90/25 Dip Laminate 


SO Package Thermal Data 


Package Max. Allowable Max. Allowable Thermal Resistance 
Package Mounting Power Diss. Power Diss. (Qa°C/ Watt) 
Type Technique* (mW) at 25°C (mW) at 70°C Average Maximum 
SO-44 PCB 658 42‘ 490 225 
Ceramic 962 615 430 465 
Ceramic w/HS. 4474 944 85 440 
SO-16 PCB 862 554 145 170 
Ceramic 4250 800 100 125 
Ceramic w/#.S. 1923 4234 65 85 
SO-46L . PCB 1250 800 100 140 
Ceramic 1743 4443 70 400 
Ceramic w/H.s. _____ 2500 1600 50 65 
SO-20 PCB 4471 944 85 445 
Ceramic 2273 1454 55 85 
Ceramic w/H.S. 3572 | 2286 35 55 
SO-24 PCB 1563 4000 80 440 
Ceramic 2000 4600 50 80 
Ceramic w/H.S. 4467 2667 30 50 


PCB =Printed circuit board 

Ceramic = Ceramic substrate 

Ceramic w/H.S.=Ceramic substrate with heat sink and/or thermal compound 
*Air gap is 0.006 inches unless thermal compound is used 


LINEAR LSI PRODUCTS 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, nA, ULN 


D PACKAGE — PLASTIC 


5.2 (.205) veces 
4.6 (181) 
4.0(.158) | 6.2 (.244) 
3.8 (150) | 5.8 (228) 
LEAD NO. 1 
45 
6.01.197) | .781.031) 441 045) 
481.188) | 611.024) ~ gsc 
7 (4PLCS) sae oe 
1,75(.069) : 
1.35(.053)} _ =F 7 (Note) 
56 (.022) | - tt a ay 
“49 (019) 1.27 (.050) 0.22 (.009) TA 
0.35 (.014) 0.20 (.008) 
0.10 (.004) 
aH Oak D PACKAGE — PLASTIC 
(SO 14-PIN) 
a 
a 


| 5.207 (.205) 
4.00 (.158) 4.623 (182) 
_ 6.20 (244) 


3,80 (.150) | 
5.80 (.228) 


a 

B75 (34a) | 1.448 (.057) i nee =a = 

8.55 (.336} | 1.245 (.049) -25 (010) | 
Meet | 


a 1.75 (.069) 


eee ee 
sos CCI 


_— 


25 (.010) 1.27 (.050)BSC 
10 (.004) 


ar 
.7 {(.028)MAX ace 


1.270 (.050)_ 


406 (016) 7) fe 


-49 (.019) 


tah a D PACKAGE — PLASTIC 
36 I (SO 16-PIN) 


aoc aa 


4.00 (.158) 5-207 (.205) 


3.80 (.150) 4-623 (182) 


f 


Minn! 
5,80 (.228) 
-50 (,020) 
10.00 (.394) _ 1,448 (.057) .25 (,010) 
9.80 (.386) 1.245 (.049) 
| 4s° | 
1.75 (.089) | 0°-8° 
1.35 (.053) a 
.25 (.010) 1.27 (.050)8SC =i .25 (.010) lb de if a 
rok sees post; 00—~C*CR See MES - .406 (.016) —~ 
10 (,004) .19 (.0075) 
7 (.028)MAX a 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 


lo 


LINEAR LSI PRODUCTS 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, uA, ULN 


48 (018) 


me nemereen ecapeanent 


036 (.074) 


- 


9.246 (.364) 

| 8.763 (.345) 
7.6 (.289) 

x 7.4 (281) 


10.5 (.413) 


D PACKAGE — PLASTIC 
(SO-16L PIN) 


10.65 (,419) 


10.00 (.384) 


.75 (030) 
25 (.010) 
aN 


10.1 (.388) 
2.65 (.104) eh 2-438 (.088) dy 
se ae 
a 1.270 (,050) 
30 (012) 1.27 (.050)BSC a2 ora 406 (.016) ———. 
ee .75 (.030)MAX ae oe 
249 (.019) D PACKAGE — PLASTIC 
"35 (.014) (S0-20) 
‘ 
9.246 (.364) 
| 8.763 (.345) 
7.6 (299) 
7.4 (.291) 
=. 10-65 (499) 
— 10.00 (.394) j 
.75 (,030) 
13.0(512) (25.010) i 
12.6 (.496) me 
| 45° 
E =e 
2.65 (104) Trey) 2-438 (.096) 
zat CI 22s cee one Psa 
she LJ J LJ Li =a J LJ LJ Lis “" t <a 
{ 7 
-30 (.012) 1.27 (.080)BSC 32 (013) cata) — 
10 (.004) ! "23 (.009) . * 
.75 (.030)MAX a 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 


LINEAR LSI PRODUCTS 
PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, A, ULN 


D PACKAGE-PLASTIC 
(SO-24) 


9.246 ee 
8.763 (.948) | 


_ 10.68 (419) 
10.00 (,304) 
78(.090) 

26 (010) 


AQ 019) 
38 (.014) 


48° 


18.6 (.614) 
15.2 (.698) 


Hjem 2,438 (.096) 


2.65 (104) ea a Se é 
2:6 (083) _| Glulsinlaiuislsisiniacsion 2.296 (088) = 
| sow | 
.30 (.012) 1.27 (,080)B8C 122,013) it "406 (.016) wo | 
.10 (,004) | 23 
.75 (.030)MAX = i 
D PACKAGE-PLASTIC 
(SO-28) 
10.65 (.419) 
ee 
75 (.030) ne 
18.1 (.713) 25 ae 
| 17.7 (697) | 
2.85 (.104) ;—t—1 2.438 (.096) 
*.Q0 
2s) UI az oo ant en 
on 1.270 (.050) 
.30 (,012) 1.27 (.080)BSC .32 (.013) "406 (.018) — 
.10 (.004) ie 
75 09)MAX —>| 
4.95 (.195) 1, 
4.52 (178) © E PACKAGE — HERMETIC 
(TO-72 HEADER) 
5.33 (.210) 
4.32 (.170) 
0.76 (.030) MAX. 
14.22 (.560) 
12.70 (. 4 LEADS 
{ 0.48 (.019) 
0.47 (0.16) 
5.84 (.230) 
5.31 (.209) D'A- 
2.54 (.100) T.P. 
45 TP. 
1.27 (.050) T.P. 


1.17 (.046) 

0.91 ae SZ 

AS 1.22 (.048) 
0.71 (.028) 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches) 


Note: . 
| 9-7 


LINEAR LSI PRODUCTS 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, A, ULN 


LEAD NO. 1 
FE PACKAGE — HERMETIC 
(8-PIN) 
7.67 (302) MAX. 
9.906 (.390) 4.45 (.175) 8.13 (.320) 
- 10.287 (405) 3.68 (145) ] ‘neues 7.37 (290) “| 
1.02 (.040) poe 
0.51 foal 2.29 (.090) (Note) 
0.36 _(.014) | 
0.20 (008) 
1,143 {.045) 
0.635 1.025) woe I 
1.78 (,070) eco 
Be S90) qe 2:27_(.110) 
2.29 (.090) 
0.58 (023) 4.19 (.165) 
0:38" (015) Bis C125) 
LEAD NO. 1 
F PACKAGE — HERMETIC 
(14-PIN) 
7.67. {.302) MAX. 
1.02 (.040) 
0.51 (.020) 
19.94 (.785) 45 |. 8.13 (.320) 
19.18 (.755) 3.68 (.145)| 7-37 (6.290) 2.29 (.090} 
(Note) 
| 0.36 (.014) | 
0.20 (.008) 
1.78 {.070 
278 (aaa) —1 by _.| |. s002..208)_| ; 
7.62 (.300) 
4.19 (.165) 
aan | 3.18 (.125) 
0.58 (023) 2.29 (.090) 2.49 (.098) 
0.38 (.015) 1.78 (.070) 
LEAD NO. 1 
F PACKAGE — HERMETIC 
(16-PIN) 
7.67 (.302) MAX. 
mie 1.02 (.040) 


0.51 (.020) 
4.45 (.175)} 8.13 (.320) 
3.68 {.145)| 7.37 (.290) {2.29 (.090) 


{ 


(Note) 


+" 


19.94 (785) 
19.18 (755) 


0.36 (.014) 


0.20 (.008) 
rete La] 10.03 .395)_,] 
Sa 7.62 (.300) 
1.27 (.050) 4.19 (.165) 
79 {. ee ee 
0.58 (023) 27 aot 0.38 (015) 3.18 (.125) 
0.38 (015) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, pA, ULN 


LEAD NO. 1 


F PACKAGE — HERMETIC 
(18-PIN) 


7.67 (.302) MAX, 


a 


23.50 (.925) 4.45 (.175) 8.13 (.320) 
22.40 (.882) 3.68 (145) 7.37 (.290) 
| 2.29 (.090) 
1.02 (.040) | 


0.38 (.015) 
(Note) 


0.36 (.014} 
0.20 (008) 


10.03 (.395) 
7.62 (.300) 


2.79 (.110) 


1.78 (.070)} 
0.76 (.030) 2.29 {.090) 


1,27 (.050) 4.19 (.165) 


0.58 (.023) 
0.38 (.015) 0.38 (.015) 3.18 (120) 


LEAD NO. 1 13 
F PACKAGE — HERMETIC 


. (20-PIN) 


7.67 (.302) MAX. 


Laced 


25.146 (.990) 4.45 (.175) 8.13 (.320) 
23.926 (942) 3.68 (145) 7.37 {.290) 


= 


2.29 (.090)| 2] 


1,02 _(.040) 
0.38 (015) 


0.36 _(.014) 
0.20 1.008) 


1.78 (.070) . 
O76 (030) KI] 2.79 (.110) be 1,27 (050) 10.03 (.395) 
0.58 1.023) "29 (.090) 327 1.005) “F62 1.300) 
0.38 1.015) 4.19 (.165) 

3718 125) 


LEAO NO. 1 
F PACKAGE — HERMETIC 
(22-PIN) 
10.16 {.400) 
MAX. 
28.19 (1.100) 
27.00 (1.060) | 
10.80 (.425) 
10.30 ss 2.54 (.100) 
(Note) 


0.36 (.034) 
0.20 {.008) 


12.57 (,495} 
~ 10.16 (400) 


pe 


2.54 (.100) 4.19 (.165) 
0.64 (.025) 3.18 (125) 


0.58 (.023) 


0.38 (.015) 


Note: | 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches), 
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LINEAR LSI BROD Ue ls 


AAPOR ANE RELI 


PACKAGE OUTLINES 


9-10 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, A, ULN 


F PACKAGE — HERMETIC 
(24-PIN) 


# 15.75 (.620) 
MAX. 


1.40 
cal 32.77 (1290) flied 15.75 (.620) 
a, 37137 (1235) 14.99 (590) ae 


(Note) 


0.36 (.014) 
0.20 (.008} 


L~— 17.65 (.695) one 


15.28 (600) 


J78 (070) 


0.76 (030) a 


4.32 (.170) 


3.30 {.130) 
aes 2.79 1.110) 2.49 (098) 4.19 (.165) 
ar 015) 2.29 (.090) 1.52 (.060)} 3.48 (.125) 


F PACKAGE — HERMETIC 
(28-PIN) 


y a LEAD NO. 1 


14.98 (.590) MAX. 


1.40 (.055) 
0.51 (.020) 


_ 37.85 (1.490) 5.08 (.200) 
36.58 17.440) 3870150) 45. 49.610) 


i. 14.99 ca 


2.54 (.100) (Note ) 


0.36 (:014) 


0.20 (.008 
17.52 (.690) 


16.25 (640) 


0.58 (.023) 2.79 (.110) 2.54 (.100) 4,19 (.165) 
0.38 (015) 2.291.090)  TWS2TO60) 3.05 (120) 


Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 


LINEAR LS! PRODUCTS 


PACKAGE OUTLINES 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


H PACKAGE — HERMETIC 
8-PIN 
(TO-5 HEADER) 


8.26 {.32 325) 5. 
“$001315) © 


0.76 (030) 
470 oll a 0.51 (.020) 
4.18 (165) | | 
14.28 (.562) =e 


12.70 {.500) n 
1.14 wary 045) iNSULATOR 
0.38 (075) 
eas ait 
O4T 016) 
8 LEADS 


ca 
So 

ws c3 
5 

c 

— = 


9.40 (. 
| 9.02 (355) 


4.06 (.160) 


3.08 (.120) , a 
| eye 


1.02 (.040) 


< Ue (040) 
4 0.74 (.029) 


0.77 (028) Jf 


a 


0.86 (.034) 


H PACKAGE HERMETIC 
10-PIN 
(TO-5/100 HEADER 
TALL CAN) 


8.26 (.325) 
6.00375) OM | 
ma 
6.48 (.255) | 
6.97 (.235) 


| 0.76 (.030) 
51 020) 


1.14 (.045} 


INSULAT 
a G38 O1sy ULATOR 
14.28 (,562) 
12.70 (.500) __ 9.48 (.019) 
“T"'0.41 (016) 
10 LEADS 


4.08 (. 160} 
3.05 (.120) 


6.10 (.240) | 


a 36°: 
5.59 (.220) 


./ 


1.02 {.040) 


L 0.74 (.029) 


2° TYP. 


0.86 (.034) 
0.71 (028) 


Note: 


ENC RONAN SP 


LF APNE PEAS 


Dimensions shown are metric units (millimeters), axceo’ those in parentheses which ara English units INCHES): 


SLY BAR, 


H PACKAGE —- HERMETIC 
10-PIN 
(TO-51100 HEADER 
SHORT CAN) 


| 8.26 (.325) 
3001315) 


| 
4.70 (. 185) 
za 
14.28 (.562) 


114 5) 
0387 LOSSINSULATOR 


42.70 (.500) 
| | | | L 10 LEADS 
. 0.48 (019) 
9.02 (355) 
4.06 (. 160) 
"3.05 (120) 
‘ 
8.10 (240) 
§.58 (220) 


YL {.034) 


0.77 (028) 


i PACKAGE — HERMETIC 


(16-PIN) 
pe LEACH NO. 1 
- 7.87 (.310) 
ERENT) 
297 1.815) | 
| : “49.93 (785) : 
1.65 (.065) | ced be 12.95 1.510) scald 8.13 (320). 
0.51 cade a ; 12. 85 (. 490) fe 0.63 (.025) cfm deal 
5.05 (720) ee ceeenpamuranh 
i epee ses _42.03 (080) { L iNote } 


43.( 906} RAIA | 


| | H) 6.34 1.012) 
| 0.20 (.008) 
1,52 (.06( J la mete a 
114 (. ce 45 (.175) 714. _ 
2.79 1.140) 3.18 (. 7125} 
0.53 ceca | 2.29 1.099) 
0.38 (015) 


SPERMINE co FLERE 


IORI OLTEA IES ee 


LINEAR LSI PRODUCTS - 


PACKAGE OUTLINES | 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(8-PIN) 


“=e LEADNO.1 | 
6.40 (.252) 
6.22 (.245) 
| | . (7,87 1.340) 


9.53 (.375) 
7.37 (.290) 1.65 (.065) 
ial 


9.27 (.365) 


0.51 (.0 
1 a0 2.92 (.115) (Note) 
ie ee i 
3.43 (.135) ee 
TOE 1 1z01 0.25 (.010) se 
1.32 (.052) 
132 (052) 10.03 {.395) 
v8 (00 oe oa = |} an 1300) 
0.38 (.015) 
2.79 {.110) 1.14 (.045) 
2.29 (.090) 0.64 (.025) 
N PACKAGE — PLASTIC 
(14-PIN) 
LEAD NO. 1 
6.40 (.252) 
6.22 (.245) 
19,18 (.755) 7.87 (.310) 
. 18.92 (.745) 3.18 (.125} 7.37 (.290) 
. 1.48 (.057) 
0.89 (.035) { 


(Note) 


es 


0.38 (.015) 


0.38 (,015) 


0.25 (.010) 
1.32 (.052) 3.43 (.136)}. 
1.12 (.044) 3-05 (.120) 10.03 (.395) 
0.53 (.021) 2.16 (085) 7.62 (.300) 
6.38 (.015) . 2.79 {.110) 1.65 (.065) 
2.29 (.090) Sit, ae 
Note: . | 
ches). 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (in 
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LINEAR LSI PRODUCTS 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, nA, ULN 


N PACKAGE — PLASTIC 
(16-PIN) 


LEAD NO. 1 


a 


6.40 (.252) 
6.22 (.245) 


19.18 (.755) 7.87 (310) 
18.92 (.745) 3.18 (.425) 7.37 1.290) | 1.73 (.068) 
2.92 (.115) | 1.45 (.057) 
0.89 oases | 0.89 (.035) 
0.38 (.0 oases | 


1.32 (. zi elt 135) 10.03 (.395) 


(Note) 


0.38 (.015) 
0.25 (.010) 


7.62 (.300 
1. aa] ae 110) alee daaaaas | 
2.29 (.090) 
0.53 (.021) poe 
0.38 (.015) 


N PACKAGE — PLASTIC 
(18-PIN) 


LEAD NO. 1 


6.40 (.252) 
6.22 (.245) 


2 PAP AY V2 | 089 1.035) 
0.38 (015) 
23.50 (.925) 9.18 1.125 )0_ 2:87.30) 
SAB 537 (p001 1 1.73 (.068) 
23.24 (.915) 82 pre eros 


(Note) 
0.38 (.015) | 
0.25 (.010) 
1.32 (. oa) 10.03 (.395) | 


112 (044 
es 3.43 (136) 7-62 (300) 


= Eo rE 3.05 (.120) 
0.38 (.015) 2.29 (.090) 1.52 (.060) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 


PACKAGE OUTLINES | 
as FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(20-PIN) 


i 


Santas) 22 ne .245) 


26.92 (1.060) 3.68 (.145) 


76.54 (1.045) 292 (.175)|,_.7.87 (.310)__ 2.16 (.085) 
7.37 (.290) | 1.40 (055) 
(Note) 
0.38 (.015) 
0.25 (.010) 
1.32 (. ee | 10.03 (.395) | 
7-12 1.044) | 7.62 (,300) 
3.43 (.135) 
0.63 (.021) 3s 2.03(.080) 3967-430) 
0.38(.015) 2.29 (.090) 7.78 (.070) 
N PACKAGE — PLASTIC 
(22-PIN) 
LEAD NO, 1 
8.94 (.352) 
S46 (345) 
LP PP UYUUYU UU Y 
28.07 (1.105) 0.89 (.035) 
27.81 (1.095) 0.38 COT5)| 10.41 (.410) | 2.16 (.088) 
9.97 (.390) | 1.86 (.074). 
(Note) 
0.38(.015) ft 


0.25 (.070) 
1.32 (,052) | 12.57 (,495) 
3.34 (.135) l. 
3.06 (120) "2 aa 10.16 (.400) 
2.79(.110) 1.62 (.060) 3.94 (.155) 
0,53 (021) Seen 
Sse co1s) | 228090) §=— 7.02 (040) B81. 148) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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LINEAR LSI PRODUCTS 


eas zectare mann DsOrsUEAnerR 


PACKAGE OUTLINES 
FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(24-PIN) 


LEAD NO. 1 


- 


114.10 (.555) 
13.84 (.545) 


PP UUU VY 
| 31.88 (1.255) 1.14 (.045) 45.49 (.610) 1.91 (.075) 
0.51 (020) r 14 99 (.590) dg 1.65 (.065) 


_ ___. (Note ) 
0.38 (.015) 
0.25 (.010) 
3.43 (.135) ere |... 17.65 (.695)_| 
3.05 (.120) 2.16 (.085) 3.94(.155) 18-44 {.600) 
32 (. 53 (. 68 (.145) 
a eee eT 
N PACKAGE — PLASTIC 
(28-PiN) 
LEAD NO. 1 
14.10 (.555) 
ae 
36.86 (1.455) Y 1 
mamma EL KRU pen (020) 15.49 (610) __ | 1.91 (.075) 
14.99 (590) | 1.65 (.065) 
3.84 (155) | * "y { 
368 (145) J) (Note) 
f 0.38 (.015) _W 
0.251.010) 4 
1.32 (.052) cast 17.65 (,695) 
1.12 (.044) Pine 75.24 (.600) 
0.53 (.021) 2.79 (.110) 2.16 (.085) (739) 
0.38 (.015) 725 1.090) 7.65 1.065) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches; 


Ae SATION TEE WI TRIE EN DLE TE EOS PARI PEA PY IO TE SOOO EA TITTIES IT IETE PTE OE TES IFO TDK 
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Amplifiers 
LT1012 
LT 1037 
NE5230 


Communications 


NESGS . 


Interface/Data Conversion 
DAC800 
NE5030 
NE5170 
NE5180 
NE5181 
NE5521 


Power Conversion and Control! 
NE5562 
$G1526B 


Section 10 


FORTHCOMING NEW PRODUCTS 
BY PRODUCT GROUP 


Low noise op amp with internal compensation: 0.5yV p-p noise (0.1Hz-10Hz) 
Precision op amp: high speed 11V/us; low noise: 0.13,V p-p 
Low voltage (1.8V) op amp: 8 pin 741 pin out with internal compensation 


40 watt amplifier with 0.01% THD 


150MHz phase locked loop 


12-Bit, 2.5us multiplying D/A with internal reference; V or | output 

10-Bit, 1.5us n.P compatible A/D with three-state outputs, internal reference, 5V operation 
Octal line drivers RS232C/RS423A 

Octal line receivers RS232C/RS423A/RS422 

Octal line receivers RS232C/RS423A/RS422 without filter 

Improved NE5520 LVDT for — 55°C to + 125°C operation 


20 pin, 5560-type SMPS for driving power FET’s 
SMPS controller with full features and dual FET drive (Sprague ULN8126 second source) 


10-1 


ALPHA/NUMERIC INDEX 


Device ate Section/Page Device Section/Page Device Section/Page 
DAC 08 6226.40 ie ici neds 4-40 NE 5080..............5. 5-54 eee 6-73 
DAC O8A...........200008 4-40 NE 5081................ 5-58 SA/UA T41C. 0. cece eee ens 6-73 
DAC O8C..:..........000- 4-40 NE 5090................ 4-139 eee ee 6-78 
DAC OBE .............0008- 4-40 SE/NE 5118 ............000- 4-81 SA/UA T47C. ccc e cee 6-78 
DAC O8H......... pore .. 440 SE/NE 5119 ...........0.05- 4-85 TL: 5-42 
DAC 08Q.............002. 4-40 SE/NE 521 ..........ceceees 4-116 
ADC 0801/2/3/4/5-1........ 4-5 SE/NE 522 .............200: 4-120 

a (eer 4-99 SE/NE 527 ..........0cceees 4-124 
LM 119 ........ cece caeee 4-101 SE/NE 529..............0-: 4-128 
LM 124.......... Sabsieee 6-5 SE/NE 530 ................. 6-26 
LM 139/A ............0050- 4-106 SE/NE 531..............0.. 6-31 
MC 1408-7............ ... 450 SA/SE/NE 532............ Per 6-9 
MC 1408-8.............;. 450 —GA534........... eaten 6-5 
MC/SA 1458 .............00. 6-13 SE/NE 538 ...........0000-. 6-38 
MC 1488....... Buctemeieds 4-134 SE/NE 5410............0005 4-89 
MC 1489/A........... ..» 4137 NE 542 ...... 0. ccc ce ceee 5-19 
MC 1496 ............-.0. 5-51 NE 64466 oo4 eve boc hnae 7-14 
MC 1508-8............... 4-50 SE/NE 5512 .......-. ce ceee . 6-44 
SG 1526A..........0000- 7-43 SE/NE 5814..........0.0005 6-46 
MC 1558 ...............6. 6-13 NE 5517/A .........-000. 6-84 
UM 168 sc iciereticone eres 6-9 NE 5520................ 4174 
MC 1596...... LEP oe 5-51 SE/NE 5532/A ...........4-. 6-48 
LM 1870 ..........cceeee 5-15 NE 5533/A............6- 6-59 
LM 193/A ..........000e: 4111 SA/SE/NE 5534/A............6. 6-59 
LF198.............000, 4-179 SE/NE 5535..............-- 6-65 
ULN 2003 ...............-. 4-170 SE/NE 5537 ............000. 4-183 
ULN 2004............... ‘, 4-170 SE/NE 5539 ................. 6-96 
UM 208 ected sheds oe eee 4-99 SE/NE 555 ...:.......00 eens 5-88 
L219 hoe chi ecedne 4-101 SE 555C.... 0. ee eee 5-88 — 
CIA 224 oie h te hiaee aks 6-5 SA/SE/NE 556 ...............00. 5-93 
LM 239/A ........cccecee 4-106 SA/SE/NE 556-1................ 5-93 
SG 2526A.........-.000- 7-43 SE 556-1C .............. 5-93 
LM 258 ...........ccceeee 6-9 SE/NE 5560................. 7-20 
LM 2901...........02000- 4-106 SE/NE 5561................ 7-33 
LM 2903 ..........-..000. 4-111 SE/NE 5562................ 7-37 
LM 293/A .........0c005- 4-111 NE 5568..............4. 7-41 
LF 296. sticrcas in cetens 2-179 SA/SE/NE 558 ..........0..005e 5-98 
CA 3089 ......5......00 5-46 - ME 5592..............5. 6-103 
EM B94 cs ccncs bake eke ees 4-99 SE/NE 564.......... cece eee 5-63 
LM 319......... Wydiceeane 4-101 -GE/NE 565...............-. 5-70 
LM 324......- cee ce ceee 6-5 SE/NE 566...............-: 5-75 
MC 3302..............0. 4-106 SE/NE 567 .............000- 5-78 
MC. 3303 .............05- 6-18 NE 570..........ceeeeee 5-3 
LM 339/A ..........0.08: 4-106 SA/NE 571.........ceceeaee 5-3 
MC 3403 ..............05. 6-18 SA/NE 572... . ccc eee e ee ees 5-9 
MC 3410............005. 4-56 NE 567 ie iiicie ae ib ee 4-144 
MC 3410-C.........:.. 11+. 456 | _ NE 589..............04. 4-152 : 
MC 3503................ 6-18 NE590......... ene ecrs: 4-160 
MC 3510.............05- 4-56 NE 591........ eee 4-160 
SG 3524 ........ cc cee eee 7-47 SE/NE 592.......... Apnea 6-108 
SG 352GA............06. 7-43 SA/NE 594..........0.0000: 4-166 
LM 358 ...........ccaeee 6-9 AM G012 ..............4. 4-30 
LM 393/A ........0c0c0ee 4-111 SA/NE G02 .............0005. 5-22 
| CE 306 eon end shes wees 4-179 SA/NE 604............0000: 5-24 
SA/SE/NE 4558 ..............0. 6-22 NE 645 ........ cece eee 5-26 
SEINE GO18 sede wiie oivene 463 NE 646...............00- 5-26 
SE/NE 5019................ 4-68 NE 648 ..........00.c00e 5-30 
NE 5020...... Carececdte yd 4-73 NE 649 ............0c cee 5-30 
NE 5034.............02. 4-11 NE 650.............000- 5-34 
NE 5036...........0.005 4-17 NE 660 .............000: 5-38 
NE 5037 .............000. 4-23 128 sols eS ake luce 7-52 
NE 5044.............. .. 73 —— GAIUA7238C.... 0. cee cece eee 7-52 
NE 5045.............0.. 7-9 MAT3B3/C 0... cc cece eee 6-115 


Argentina: PHILIPS ARGENTINA S.A., Div. Elcoma, Vedia 3892, 1430 BUENOS AIRES, Tel. 541-7141/7242/7343/7444/7545. 
Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S.W., Tel. 4270888. 
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE INDUSTRIE G.m.b.H., Triester Str. 64, A-1101 WIEN, Tel. 629111. 
Belgium: N.V. PHILIPS & MBLE ASSOCIATED, 9 rue du Pavillon, B-1030 BRUXELLES, Tel. (02) 242 7400. 
Brazil: IBRAPE, Caixa Postal 7383, Av. Brigadeiro Faria Lima, 1735 SAO PAULO, SP, Tel. (011) 211-2600. 
Canada: PHILIPS ELECTRONICS LTD., Electron Devices Div., 601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8, Tel. 292-5161. 
Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-4001. 
Colombia: IND. PHILIPS DE COLOMBIA S.A., c/o IPRELENSO LTD., Calle 17, No. 9-21, Of. 202, BOGOTA, D.E., Tel. 57-2347493. 
Denmark: MINIWATT A/S, Strandiodsvej 2, P.O. Box 1919, DK 2300 COPENHAGEN §, Tel. (01) 541133. 
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 17271. 
France: R.T.C. LA RADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin,’ F-75540 PARIS 11, Tel. 338 80-00. 
Germany (Fed. Republic): VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0. 
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 9215111. 
Hong Kong: PHILIPS HONG KONG LTD., Elcoma Div., 15/F Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG, Tel. (0)-2451 21. 
india: PEICO ELECTRONICS & ELECTRICALS LTD., Elcoma Dept., Band Box Building, 
254-D Dr. Annie Besant Rd., BOMBAY - 400025, Tel. 4220387/4220311. 
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Div., Panim Bank Building, 2nd FI., Jl. Jend. Sudirman, P.O. Box 223, JAKARTA, Tel. 716131. 
lreland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 693355. 
Italy: PHILIPS S.p.A., Sezione Elcoma, Piazza IV Novembre 3, I|-20124 MILANO, Tel. 2-6752.1. 


Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bidg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611. 
(IC Products) SIGNETICS JAPAN LTD., 8-7 Sanbancho Chiyoda-ku, TOKYO 102, Tel. (03) 230-1521. 


Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD., Elcoma Div., Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL, Tel. 794-4202. 
Malaysia: PHILIPS MALAYSIA SDN. BERHAD, No. 4 Persiaran Barat, Petaling Jaya, P.O.B. 2163, KUALA LUMPUR, Selangor, Tel. 774411. 
Mexico: ELECTRONICA, S.A de C.V., Carr. México-Toluca km. 62.5, TOLUCA, Edo. de México 50140, Tel. Toluca 91 (721) 613-00. 
Netherlands: PHILIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 793333. 
New Zealand: PHILIPS ELECTRICAL IND. LTD., Elcoma Division, 110 Mt. Eden Road, C.P.O. Box 1041, AUCKLAND, Tel. 605-914. 
Norway: NORSK A/S PHILIPS, Electronica Dept., Sandstuveien 70, OSLO 6, Tel. 680200. 
Peru: CADESA, Av. Alfonso Ugarte 1268, LIMA 5, Tel. 326070. 
Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre, MAKATI-RIZAL 3116, Tel. 86-89-51 to 59. 
Portugal: PHILIPS PORTUGUESA S.A.R.L., Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, Tel. 6831 21. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 2538811. 
South Africa: EDAC (PTY.) LTD., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, Tel. 614-2362/9. 
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. 301 63 12. 
Sweden: PHILIPS KOMPONENTER A.B., Liding6vagen 50, S-11584 STOCKHOLM 27, Tel. 08/7821000. 
Switzerland: PHILIPS A.G., Elcoma Dept., Allmendstrasse 140-142, CH-8027 ZURICH, Tel. 01-48822 11. 
Taiwan: PHILIPS TAIWAN LTD., 3rd Fl., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. (02)-5631717. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, P.O. Box 961, BANGKOK, Tel. 233-6330-9. 
Turkey: TURK PHILIPS TICARET A.S., Elcoma Department, Inénii Cad. No. 78-80. ISTANBUL, Tel. 43:59 10. 
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-5806633. 
United States: (Active Devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.|. 02876, Tel. (401) 762-9000. 
(Passive Devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000. 
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE, WI 53201, Tel. (414)228-7380. 
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700. 
Uruguay: LUZILECTRON S.A., Avda Uruguay 1287, P.O. Box 907, MONTEVIDEO, Tel. 914321. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, CARACAS, Tel. 3605 11 


For all other countries apply to: Philips Electronic Components and Materials Division, International Business Relations, Building BAE, 
P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, Tel. +3140723304, Telex 35000 phtcni 
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